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PREFACE 

T h i s  r e p o r t  was 3poneored b y  t h e  Arizona Transpor ta t ion Research 

C e n t e r  t h r o u g h  t h e  man-year f a c u l t y  agreement  w i t h  t h e  C e n t e r  f o r  

Advanced Research i n  T r a n ~ p o r t a t i o n .  The o b j e c t i v e  of the  2tudy wa? t o  

3~1nmar i  ze  t h e  s t a t e - o f - t h e -  knowledge of a e p h a l t - r u b b e r -  u s e  by t h e  

Arizona Department of Tranapor ta t ion.  

The content  of t h i ?  r e p o r t  r e f l e c t ?  t h e  viewe of t h e  a u t h o r  who if? 

responeible  f o r  t h e  f a c t s  and i n t e r p r e t a t i o n  of t h e  d a t a  presented.  The 

content.? do not n e c e s s a r i l y  r e f l e c t  t h e  o f f i c i a l  v iews of t h e  Ar izona  

Depar tment  of T r a n s p o r t a t i o n  o r  t h e  Ar izona  T r a n s p o r t a t i o n  Research 

Canter .  Thie r e p o r t  does not  c o n e t i t u t e  a s t a n d a r d ,  s p e c i f i c a t i o n ,  o r  

r e g u l a t i o n .  



TABLE OF CONTENTS 

Page 
EXECUTIVE SUMMARY . . . . . . . . . . . . . . . . . . . . . . . .  vi  

CHAPTER I INTRODUCTION . . . . . . . . . . . . . . . . . . . . .  1 
His tor ica l  Aspect? of Asphalt-Rubber Use . . . . . . . . .  1 
Def i n i  t iona . . . . . . . . . . . . . . . . . . . . . . . .  3 
A~phal  t-Rubber Materials . . . . . . . . . . . . . . . . . .  5 
Function of Rubber i n  Aaphalt-Rubber . . . . . . . . . . . .  8 . . . . . . . . . . . . . . . . . . .  Overv iewof theRepor t  1 2  

CHAPTER I1 ADOT ASPHALT-RUBBER RESEARCH . . . . . . . . . . . . .  13 
Laboratory Reaearch Program . . . . . . . . . . . . . . . .  1 4  
Field Research Program . . . . . . . . . . . . . . . . . . .  23 
Summary of the Research Program . . . . . . . . . . . . . .  37 

CHAPTER I11 PERFORMANCE OF ASPHALT-RUBBER HIGHWAY SECTIONS . . .  38 
S t r e ~ s  Absorbing Membranea Construction History . . . . . .  38 
S t r e s s  Absorbing Membrane In te r layer?  Construction History . 47 
T ra f f i c  History of Asphalt Rubber Section? . . . . . . . . .  49 
Performance of the SAM and SAM1 Sections . . . . . . . . . .  53 

Cracking of the SAM Sect ions . . . . . . . . . . . . .  60 
Roughness of the SAM Section?. . . . . . . . . . . . . .  61 
Cracking of the SAM1 Section? . . . . . . . . . . . . .  64 
Roughnesa of the SAM1 Sect ions . . . . . . . . . . . .  65 

Detailed Evaluation of Select  Sections . . . . . . . . . . .  68 
Summary of Field Performance of Asphalt-Rubber . . . . . . .  73 

CHAPTER I V  PERFORMANCE OF CONVENTIONAL PAVEMENT TREATMENTS 
Performance of Seal Coats . . . . . . . . . . . . . .  

S t a t e  Highway Sections with Seal Coatz . . . . .  
US Highway Section3 w i t h  Seal  Coats . . . . . . .  

Performance of Overlays . . . . . . . . . . . . . . .  
In t e r s t a t e s  with Overlays . . . . . . . . . . . .  
S t a t e  Highway Section? with Overlays . . . . . .  
U . S. Highway Sections with Overlays . . . . . . .  

Summary of the Performance of Conventional Treatments 

CHAPTER V COST EFFECTIVENESS OF ASPHALT.RUBBER. SUMMARY A N D  
RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . .  102 

APPENDIX A SUMMARY OF THE PAVER FLEXIBLE PAVEMENT SURVEY . . . . . . . . . . . . . . . . . . . . . .  PROCEDURE 1 1 1  

. . . . . . . . . . . .  APPENDIX B PLOTS OF ROUGHNESS VERSUS TIME 127 



LIST OF FIGURES 

Page 

........ - i n  . . . . . . . .  1 . iea~par.scui<e S ~ i s ~ e p t ~ b i i i i y  of A~phaii-RiiSbri'  I V  

2 . Absolute viscosi ty  versus time f o r  Phoenix Sky Harbor 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Airport 1 1  

. . . . .  . 3 Effects  of curing time and d i luent  concentrations 19 

. . . . . . . . . . . . . . .  4 . Pavement Condition Survey Form 30 

. . . . . . . .  5 . Layout of the Beeline Highway Test Sections 32 

LIST OF TABLES 

Page 

1 . Components of f i e l d  and laboratory Asphalt-Rubber mixe? . . .  21 
. . . . . . . . . . . . .  2 . Qua l i ty  Control Data from indu3try 24 

3 . Summary of Asphalt-Rubber REP sec t ions  i n  good condition . . 27 

. . . . . .  4 . Summary of Asphalt-Rubber sec t ions  with d i s t r e s s  28 

5 . Summary of Asphalt-Rubber sec t ions  tha t  have been covered 

with a s e a l  coat.  overlay or  have been reconstructed . . . .  29 

6 . Summary of Pavement Condition Index Value? f o r  the 

. . . . . . . . . . . . . . .  Beeline Highway Test  Sections 35 

. . . . . . . . . . . . . . .  7 . SAM sec t ions  construction data  39 

. . . . . . . . . . . . . .  8 . SAM1 sec t ions  construction data  41 

. . . . . . . . . . . . .  9 . Key t o  pavement l i f t   abbreviation^ 45 

. . . . . . . . . . . . . . . . . . . .  10 . S A M t r a f f i c h i s t o r y  50 

. . . . . . . . . . . . . . . . . . . .  1 1  . SAM1 t r a f f i c h i ~ t o r y  51 

. . . . . . . . . . . . . . . . . .  1 2  . CrackingofSAMsect ions  54 

. . . . . . . . . . . . . . . . .  13 . CrackingofSAMI sec t ions  55 

. . . . . . . . . . . . . . . . .  14 . Roughness of SAM sec t ions  57 

. . . . . . . . . . . . . . . . .  15 . Roughnese of SAM1 sect ions 58 

. . . . . . . . . .  16 . Roughnesz equation8 f o r  the  SAM sec t ions  62 

. . . . . . . . .  17  . Roughnes~ equations f o r  the S A M 1  sec t ions  66 

. . . . . . . . . .  18 . Conatruction hiztory f o r  s e l e c t  sec t ions  69 



LIST OF TABLES (cant . ) 

Page 

PC1 for  s e l e c t  sect ions . . . . . . . . . . . . . . . . . .  
PC1 for  s e l e c t  section? not considering r u t t i n g  . . . . . .  
Charac ter iz t ics  of the I n t e r s t a t e  Sectione 

w i t h S e a l C o a t e  . . . . . . . . . . . . . . . . . . . . . .  
Charac ter i s t ics  of the In t e rP ta t e  Sections 

with Overlays . . . . . . . . . . . . . . . . . . . . . . .  
Charac ter i s t ics  of the S t a t e  Highway Section? 

with Seal Coatn . . . . . . . . . . . . . . . . . . . . . .  
Charac ter i s t ics  of the S t a t e  Highway Sections 

w i t h  Overlays . . . . . . . . . . . . . . . . . . . . . . .  
Charac ter i s t ics  of U.S. Highway Sections 

with Seal Coats . . . . . . . . . . . . . . . . . . . . . .  
Charac ter i s t ics  of U . S. Highway Sectione 

w i t h  Overlays . . . . . . . . . . . . . . . . . . . . . . .  
Roughness of I n t e r s t a t e  sect ion3 with s e a l  coats . . . . . .  
Cracking of I n t e r s t a t e  sec t ions  with sea l  coat? . . . . . . .  
Roughnes? of s t a t e  highway sec t ions  with sea l  coats . . . .  
Cracking of s t a t e  highway section3 with s e a l  coat? . . . . .  
Roughnes? of U.S. highway section? w i t h  s ea l  coat? . . . . .  

. Cracking of U S. highway section3 with s e a l  coats . . . . .  
Regression equations fo r  s t a t e  highway sec t ions  

w i t h  s ea l  coats  . . . . . . . . . . . . . . . . . . . . . .  
Regression equation3 fo r  U.S. highway eection? 

w i t h s e a l c o a t c  . . . . . . . . . . . . . . . . . . . . . .  
Cracking of I n t e r s t a t e  sec t ions  w i t h  overlay . . . . . . . .  
Roughness of I n t e r s t a t e  ~ e c t i o n ~  with overlay . . . . . . .  
Roughness equations fo r  I n t e r s t a t e  sec t ions  

. . . . . . . . . . . . . . . . . . . . . . . .  with overlay 

Cracking of s t a t e  highway zectiona with overlay . . . . . .  
Roughnes? of a t a t e  highway sec t ions  with overlay . . . . . .  
Roughness equation3 for  s t a t e  highway sec t ions  

. . . . . . . . . . . . . . . . . . . . . . . .  with overlay 



LIST OF TABLES (cant . ) 

Page 

. . . . . . .  4 . Cracking of U.S. highway z e c t i o n s  with over lay  96 

. . . . . .  42  . Roughnee2 of U.S. highway s e c t i o n ?  with over lay  97 

43 . Roughneaa equat ions  f o r  U . S. highway s e c t  ion3 

. . . . . . . . . . . . . . . . . . . . . . .  w i t h o v e r l a y s  98 

. . . . . . . . . . . . . .  4 4  . Cost d a t a  f o r  economic a n a l y s i 3  105 

. . . . . . . . . . . . .  45 . Average maintenance coet2  per mi le  105 

. . . . . . . .  46 . Economic a n a l y s i s  of a l t e r n a t i v e  treatment3 107 



EXECUTIVE SUMMARY 

OVERVIEW 

T h i s  r e p o r t  p r e s e n t s  a  review of t h e  s t a t u s  of the reeearch and 

performance of asphalt-rubber i n  Arizona. Asphalt-rubber wae developed 

primarily by Charles McDonald a s  a  mater ial  f ~ r  the repa i r  of di?tres?ed 

areas  of pavements. The use of a spha l t - rubbe r  has been extended t o  

s t r e s s  a b s o r b i n g  membranes,  SAM, and s t r e s s  absorb ing  membrane 

in t e r l aye r s ,  SAMI. 

In  1967 A D O T  c o n s t r u c t e d  t h e i r  f irst  SAM sect ion.  Subsequently, 

t h e  department has  sponsored both l a b o r a t  o r  y  r e s e a r c h  and f i e l d  

experiment$.  I n  t he  mid 1970 ' s  SAM3 and SAMIs were constructed on a  

rout ine basis .  The pavement management data base contain? 37 SAM and 58 

SAMI sec t  ion.?. 

The laboratory program sponsored by ADOT examined the viscooity and 

d u c t i l i t y  of a spha l t - rubbe r  i n  d e t a i l .  A t  the time the ADOT research 

was performed the asphalt-rubber was more v a r i a b l e  m a t e r i a l  than  n e a t  

a s p h a l t  cement. There was disagreement between the r e ~ e a r c h e r s  a s  t o  

the adequacy of standard t e s t  procedures fo r  use i n  q u a l i t y  c o n t r o l  of 

a s  p h a l  t - r u b b e r  . While t h e  v a r i a b i l i t y  of a spha l t - rubbe r  samplez 

prepared i n  t h e  l a b o r a t o r y  c a u s e s  c o n c e r n  t o  r e s e a r c h e r s ,  t h e  

v a r i a b i l i t y  of a spha l t - rubbe r  produced i n  t he  f i e l d  was even greater  

t han  l a b o r a t o r y  v a r i a b i l i t y .  T h e r e  wa? c o n c e r n  t h a t  m a t e r i a l s  

d e v e l o p e d ,  t e ? t e d ,  and  a p p r o v e d  i n  t h e  l a b o r a t o r y  could not  be 

reproduced i n  the f i e l d .  Unfortunately, the one experiment performed t o  

t e s t  t h i s  hypo thes i s  ver i f ied  the lack of cont inui ty between the f i e l d  

and l a b o r a t o r y .  N e v e r t h e l e s s ,  t h e  l a b o r a t o r y  e x p e r i m e n t z  h a v e  



demon3t ra ted  t h a t  adding rubber t o  a s p h a l t  has s e v e r a l  b e n e f i c i a l  

e f fec ts :  

1 )  Reduction of temperature s e n s i t i v i t y .  

2 )  Improved d u c t i l i t y ,  pa r t i cu l a r ly  a t  low temperatures. 

3 )  A b i l i t y  t o  r e s i ~ t  horizontal and ve r t i ca l  shear s t r e s se s  fo r  the 

control of re f lec t ion  cracking. 

4) Adds an e l a s t i c  component t o  the asphalt  cement. 

5 )  Attenuates s t r a i n  and re l ieves  3 t rees .  

The A D O T  research was conducted pr ior  t o  1982. The asphalt-rubber 

i ndus t ry  cont inued  r e s e a r c h  w i t h  t h e  m a t e r i a l .  I n  1981 t o  1982 a  

blender  was developed t o  premix the aephalt-rubber. Data provided by 

I n t e r n a t i o n a l  S u r f a c i n g s  Inc .  s u p p o r t s  t h e  i n d u s t r y  c la im t h a t  t h e  

p r o d u c t  i ?  now more u n i f o r m  and  t h e r e  is  a c o r r e l a t i o n  between 

laboratory an3 f i e l d  mixes. 

The performance of a ~ p h a l t - r u b b e r  i s  being evaluated on several  

research-experimental  p r o j e c t z ,  R E P .  Theee a r e  p r o j e c t s  t h a t  were 

designed and cons t ruc t ed  t o  e v a l u a t e  s p e c i f i c  performance features .  

There are current ly 19 sect ions i n  the  research-experimental data f i l e s .  

S i x  of  t h e s e  s e c t i o n s  have  some forma of s e r i o u s  d i s t r e s s .  The 

remaining s e c t i o n s  a r e  i n  good c o n d i t i o n .  One of t h e s e  p r o j e c t ? ,  

Bee l ine  Highway , was eva lua t ed  du r ing  t h i s  pro jec t ,  using a detai led 

condition survey procedure. 

The b e s t  c u r r e n t  sou rce  of d a t a  on t h e  performance of asphalt-  

rubber i n  Arizona is in  the pavement management system d a t a  base.  The 

majority of the data required fo r  the evaluation of pavement performance 

a re  i n  the PMS data base. The information on c o n ? t r u c t i o n  h i s t o r y  i~ 

adequate  f o r  r eeea rch  purposes, provided the  data on layer  thickneases 

v i i i  



a r e  v e r i f i e d  w h e n e v e r  c o r e s  a r e  t a k e n  f r o m  t h e  p a v e m e n t s .  

U n f o r t u n a t e l y ,  t h e  t r a f f i c  h i s t o r y  d a t a  l a c k s  r e l i a b i l i t y .  The PMS d a t a  

b a s e  c o n t a i n s  r e c o r d s  o n  c r a c k i n g ,  r o u g h n e s s ,  a n d  Mu Mete r  ( s k i d )  

h i s t o r i e s .  T h e s e  d a t a  a r e  c o l l e c t e d  f o r  network pavement management 

pu rposea .  The d a t a  q u a l i t y  n e e d s  o f  r e s e a r c h  a n d  n e t w o r k  pavement  

management a r e  v a s t 1  y d i f f e r e n t  . 
Regardlees  of  t h e  l i m i t a t i o n s  o f  t h e  d a t a ,  t h e  a n a l y s i s  o f  t h e  

pavement  management  d a t a  b a s e  demonst ra ted  t h e  performance of t h e  SAM 

and SAM1 s e c t i o n 8  w i t h  r e a p e c t  t o  d i s t r e s s  is very  good. R e l a t i v e l y  few 

s e c t i o n s  h a v e  d e v e l o p e d  s i g n i f i c a n t  c r a c k i n g  s i n c e  t h e  SAM3 and SAM13 

were c o n s t r u c t e d .  The roughneas d a t a  is  more v a r i a b l e  a s  shown by t h e  

g r a p h s  i n  A p p e n d i x  0 .  T h e  d a t a  w e r e  a n a l y z e d  t o  d e t e r m i n e  i f  

p e r f o r m a n c e  mode l s  c o u l d  be  d e v e l o p e d .  S e v e r a l  o f  t h e  a e c t  i o n s  

d e m o n s t r a t e d  a good c o r r e l a t i o n  between annual  change i n  roughnesz and 

t ime s i n c e  t h e  SAM o r  SAM1 waa p l aced .  I n  g e n e r a l ,  t h e  annual  change i n  

roughnes? i3  i n  t h e  range  of 7.0 t o  14.3 inches  per  mi l e .  

The pavement management  d a t a  b a s e  was a l a o  u s e d  t o  a n a l y z e  t h e  

p e r f o r m a n c e  of s e a l  c o a t s  and o v e r l a y s .  I n  g e n e r a l ,  t h e  performance of  

t h e  conven t iona l  t r e a t m e n t s  comparee f a v o r a b l y  w i t h  t h e  p e r f o r m a n c e  o f  

t h e  a s p h a l t - r u b b e r  s e c t i o n s .  The PMS d a t a  b a s e  d o e s  n o t  c o n t a i n  

i n fo rma t ion  on t h e  c o n d i t i o n  of t h e  pavements  p r i o r  t o  p l a c i n g  a n y  o f  

t h e  t r e a t m e n t s .  The f o r m e r  ADOT r e s e a r c h  e n g i n e e r ,  Mr. Gene M o r r i s ,  

contends  a s p h a l t - r u b b e r  t r e a t m e n t s  were o n l y  u s e d  o n  pavement8  i n  a 

h i g h l y  d i s t r e s 3 e d  c o n d i t i o n  where  e n g i n e e r i n g  judgement  i n d i c a t e d  a 

s u r f  a c e  t r e a t m e n t  o r  t h i n  o v e r l a y  would n o t  perform a d e q u a t e l y  . Under  

t h i e  h y p o t h e s i u s ,  d i r e c t  c o m p a r i s o n  o f  t h e  a s p h a l t - r u b b e r  a n d  



conventional treatments i n  the PMS data base i s  biased i n  f avo r  of t h e  

conventional treatments. 

F ina l ly ,  the cos t -e f fec t iveness  of asphal t - rubber  was analyzed.  

Due t o  t h e  higher  i n i t i a l  con?truct ion coets ,  aephalt-rubber section? 

need t o  perform twice az long a s  convent iona l  t r e a t m e n t s  t o  be co? t  

e f fec t ive .  

RECOMMENDATIONS 

Based on t h e  in fo rma t ion  c o l l e c t e d  and ana lys is  performed during 

t h i s  research, asphalt-rubber ha? served Arizona w e l l ,  and t h e r e  i ?  no 

i n d i c a t i o n  t h a t  t h e  e i t ua t ion  w i l l  change in  the fu ture .  The s t a t e  of 

the knowledge should be improved in  several  areas .  

Laboratorv Ex~er inenta  

The iesue of the v a r i a b i l i t y  of asphalt-rubber propert ies  should be 

f u r t h e r  r e sea rched .  The d i  sagreement between rezearchere during ADOT 

sponsored research on the r e l i a b i l i t y  of viscosi ty  measurement2 needs t o  

be r e so lved .  Control of mater ials  is of par t icu lar  concern; espec ia l ly  

w i t h  r e s p e c t  t o  t h e  i n a b i l i t y  of l a b o r a t o r i e s  and manufac turer3  t o  

produce m a t e r i a l s ,  w i th  a  common s e t  of spec i f ica t ions ,  t h a t  have the  

same properties.  The contention of the i n d u s t r y  t h a t  modern b lending  

techniques produce a  higher qua l i ty  mater ial  with low v a r i a b i l i t y  ahould 

be ver i f ied  with independent research. 

A new a r e a  of concern i s  t h e  a b i l i t y  t o  recycle asphalt-rubber. 

There has not been any research t o  determine i f  a spha l t - rubbe r  can be 

co ld  r e c y c l e d  o r  on what w i l l  happen i f  a spha l t - rubbe r  i s  recycled 

through a  cent ra l  plant.  



F i e l d  Experiments  - 
ADOT can p o t e n t i a l l y  o b t a i n  v a l u a b l e  i n fo rma t ion  from t h e  r e sea rch -  

exper imenta l  p r o j e c t s  a e c t i o n s .  However, t h e  d a t a  c o l l e c t i o n  procedurez 

c u r r e n t l y  u s e d  a r e  i n a d e q u a t e .  F i r s t ,  t h e  p r o j e c t  f i l e :  s h o u l d  be 

u p g r a d e d  t o  i n c l u d e  a l l  c o n s t r u c t i o n  and t r a f f i c  d a t a .  The performance 

d a t a  a l s o  shou ld  be u p g r a d e d . ,  A s t a n d a r d  pavement  c o n d i t i o n  s u r v e y  

p r o c e d u r e s ,  wh ich  c o n t a i n s  a l l  t h e  m a j o r  forme o f  d i s t r e s e  should  be 

adopted .  Observers  should  be t r a i n e d  and o b j e c t i v e  measures of d i s t r e s e  

s h o u l d  be r eco rded  f o r  t h e  e n t i r e  l e n g t h  of each  r e a e a r c h  3 e c t i o n .  The 

r o u g h n e s ~  d a t a  should  be c o l l e c t e d  u s i n g  a  procedure  which w i l l  p r o v i d e  

an  a c c u r a t e  measurement of t h e  mean roughneso of each  s e c t i o n  each  yea r .  

I f  t h e  Mays m e t e r  is  used  f o r  t h e  r o u g h n e s s  m e a s u r e m e n t s ,  t h e n  t h e  

q u a l i t y  o f  t h e  c a l i b r a t i o n  procedure  shou ld  be reexamined. The number 

of c a l i b r a t i o n  a e c t i o n s  s h o u l d  b e  i n c r e a s e d .  I n  a d d i t i o n ,  m u l t i p l e  

r o u g h n e s s  m e a s u r e m e n t s  s h o u l d  be o b t a i n e d  ove r  a  s h o r t  t ime  span  (bu t  

n o t  o n e  d a y )  o n  e a c h  . ? e c t i o n  s o  a n  a c c u r a t e  mean r o u g h n e s s  c a n  b e  

e ~ t s b l i ~ h e d .  

H i  gh\:c.;- C ??t ion Performance 

C u r r e n t l y  t h e  pavement  management  d a t a  b a e e  c o n t a i n s  t h e  b e s t  

cpource o f  i n fo rma t ion  on t h e  performance o f  a s p h a l t - r u b b e r .  However,  

t h e s e  d a t a  were n o t  i n t ended  f o r  r e s e a r c h  and  t h e y  cannot  be  expec t ed  t o  

t o t a l l y  f u l f i l l  t h e  needs of r e3ea rch .  I f  t h e  performance o f  pavement:, 

whe t  h e r  t h e y  a r e  a s p h a l t - r u b b e r  o r  conven t iona l  c o n e t r u c t i o n ,  i: going 

t o  be modeled, t h e  q u a l i t y  o f  t h e  d a t a  must be u p g r a d e d .  The r e s e a r c h  

q u a l i t y  d a t a  a re  n o t  r e q u i r e d  f o r  the  e n t i r e  network; a  r e p r e s e n t a t i v e  

sample of  t h e  ne twork  c a n  be s e l e c t e d  t o  p r o v i d e  t h e  r e q u i r e d  d a t a .  

S t a t i z t i c a l  me thods  s h o u l d  b e  u a e d  t o  s e l e c t  t h e  s a m p l e .  Once t h e  



sample is eztabl izhed,  then the data co l lec t ion  procedure?, developed for  

t h e  research-exper imenta l  p r o j e c t s  should  be app l i ed  t o  get qual i ty  

performance data.  

CONCLUSIONS 

The cent ra l  question concerning a ~ p h a l t - r u b b e r  is  whether o r  not 

the material  is cost  e f fec t ive  when compared t o  conventional treatments. 

Three types of analyses were performed during t h i s  project t o  determine 

i f  a s p h a l t - r u b b e r  s e c t i o n  performance i e  s u p e r i o r  t o  convent iona l  

treatments. The Beeline Highway experimental project  was examined using 

a  de ta i led  pavement condition evaluation procedure described in  Appendix 

A .  The second approach was t o  examine t h e  pavement management eystem 

d a t a  base f o r  a d j a c e n t  road sec t ion3  where the only difference in  the 

construction h is tory  was the use of asphal t - rubber  on one p a r t  of t he  

r o a d ,  and a  conventional treatment on the adjacent sect ion of the road. 

Three 3 e c t i o n s  were found which s a t i s f i e d  t h i s  c r i t e r i a ;  each  waa 

eva lua t ed  using the  procedure i n  Appendix A.  The t h i r d  analysis  was an 

evaluation of the performance d a t a  i n  t h e  pavement management system 

d a t a  base f o r  SAM, SAMI, s e a l  coat ,  and overlay treatments.  Pavement 

sec t ions  were evaluated with respect t o  cracking, roughneas, and average 

maintenance c o s t s .  I n  each of t h e  a n a l y s e s ,  t h e  performance of the 

conventional and asphalt-rubber treatments were very s imi la r .  

The SAM t r e a t m e n t s  need t o  l a s t  twice  a s  long as  a  s ea l  coat i n  

order t o  be cos t  e f f ec t ive .  SAMI treatments with a  two inch cover  need 

t o  l a s t  t w i c e  a s  l o n g  a s  a  two inch  o v e r l a y  i n  o r d e r  t o  be coz t  

e f f ec t ive .  However, i n  the analysis  performed h e r e i n ,  t h e  SAMI wi th  a 

two inch  cover was more economical than a four inch overlay f o r  a  ehort 



(two mile) project whereas the l i f e  cycle cost of these  two t rea tments  

were about equal for  a longer (10  mile) project.  



CHAPTER I .  INTRODUCTION 

Asphalt was or ig ina l ly  a  waete material  which could be economically 

zprayed on gravel and e a r t h  roads t o  c o n t r o l  d u s t .  Over t he  yea r? ,  

through z p e c i f  i c a t i o n ?  and controls, t h e  proper t  i e ?  of azphalt were 

regulated t o  o b t a i n  a  uniform m a t e r i a l  w i t h  c o n ? i ? t e n t  properties. 

However, even under idea l  conditions, asphal t  cement has l imitat ion2 as  

a  binder f o r  pavement surfacee. The need f o r  long l a s t i n g  pavementz, 

both new and r e s u r f a c e d ,  i z  c r i t i c a l  i n  the face of the high coat of 

closing f a c i l i t i e ?  fo r  maintenance and r e p a i r .  According t o  t h e  May 

1986 i.?sue of Roads and Bridges (Ref. 1 ) , there i? a  new wave of a ~ p h a l t  

modifiers enter ing the market t o  improve asphal t  performance. 

One c l a s p  of t h e  new wave m a t e r i a l s  i s  elastomers produced from 

na tura l ,  synthe t ic ,  o r  reclaimed rubber. Reclaimed rubber  r e p l a c e ?  20 

t o  30% of the a3phalt in  the binder. The Federal Highway Administration 

recommends the evaluation of modified asphal t  with respect t o  four areas 

(Ref. 1 ) :  

1 .  the  e f f ec t  of the product on plant operation 

2 .  the e f f e c t  on f i e l d  operations 

3 .  long term performance 

4. cost-effectiveness.  

HISTORICAL ASPECTS OF ASPHALT-RUBBER USE 

Cont rary  t o  the terminology used i n  the Roads and Bridge3 a r t i c l e ,  

asphal t  modified with rec la i~ned  rubber  i s  not  a  "new wave" m a t e r i a l .  

Experiments on t h e  b lending  of a s p h a l t  and rubber began i n  the l a t e  

1920fs ,  however modern technology i n  t he  use of asphal t - rubber  F t a r t e d  

i n  t h e  e a r l y  1960's by Charles H.  McDonald (Ref. 2 and 3 ) .  I n  1967 the 



Arizona Highway Department a u t h o r i z e d  c o n ~ t r u c t i o n  of  t h e  f i r e t  s e a l  

c o a t  u s i n g  r e c l a i m e d  r u b b e r  i n  c o m b i n a t i o n  wi th  a s p h a l t  f o r  u se  a s  a  

b i n d e r  o n  c h i p  s e a l  c o a t e  ( R e f .  4 ) .  Through e x p e r i m e n t a t i o n  a n d  

p e r s e v e r a n c e  t h e  i e s u e e  of p l a n t  and f i e l d  o p e r a t i o n s  have been l a r g e l y  

r e s o l v e d .  I n  1968, Sahuaro  P e t r o l e u m  and A s p h a l t  Company o f  P h o e n i x  

began  t h e  d e v e l o p m e n t  of  equ ipmen t  a n d   procedure^ f o r  product ion  and 

a p p l i ~ a t i 0 n O f  a spha l t - rubbe r  (Ref.  4 ) .  I n  1975 t h e  A r i z o n a  R e f i n i n g  

Company o f  P h o e n i x  e n t e r e d  t h e  a s p h a l t - r u b b e r  market (Ref.  3 ) .  I n  a  

1984 na t ionwide  survey  of  asphal t - rubber  uee ,  90 pe rcen t  of a l l  s e c t i o n s  

i d e n t i f i e d  i n  t h e  U .S. were cona t ruc t ed  by e i t h e r  Sahuaro  Petroleum o r  

A r i z o n a  R e f i n i n g  Company. The o t h e r  1 0  p e r c e n t  of a ~ p h a l t - r u b b e r  

a o p l i c a t i o n s  were  e x p e r i m e n t a l  p r o j e c t s  p l a c e d  by s t a t e  agenc i e s  o r  

l o c a l  c o n t r a c t o r s  (Ref. 5 ) .  The l i m i t e d  number of s u p p l i e r ?  of a s p h a l t -  

r u b b e r  h a s  enaured  a c e r t a i n  amount of un i fo rmi ty  i n  t h e  m a t e r i a l .  The 

impact of t h e  m a t e r i a l  on p l a n t  o p e r a t i o n s  hae been l i m i t e d  due  t o  t h e  

l i m i t e d  number o f  s u p p l i e r s .  

To a  l a r g e  e x t e n t  t h e  impact of t h e  m a t e r i a l  on  f i e l d  o p e r a t i o n s  

h a s  been  m i n i m i z e d  by t h e  same mechanism.  C o n s t r u c t i o n  of a s p h a l t -  

r u b b e r  s e a l  c o a t s ,  o r  membranes,  u s e e  c o n v e n t i o n a l  c o n s t r u c t i o n  

p r o c e d u r e s  a n d  e q u i p m e n t  w i t h  t h e  e x c e p t i o n  of a  s p e c i a l l y  des igned  

a s p h a l t  d i s t r i b u t o r  t r u c k .  A s  w i t h  a l l  p a v e m e n t  t y p e s ,  p o o r  

c o n s t r u c t  i o n  p r o c e d u r e s ,  o r  f a i l u r e  t o  a d h e r e  t o  s p e c i f i c a t i o n s  w i l l  

result i n  poor pavement  p e r f o r m a n c e .  A c c o r d i n g  t o  F o r d  and  Lansdon  

(Ref.  4 ) .  

"The major problem t h a t  we have had t o  overcome f o r  
t h e  s u c c e s s f u l  placement of  a spha l t - rubbe r  has  been 
human, and s p e c i f i c a t i o n  e n f o r c e m e n t .  I am s u r e  
you h a v e  n o t i c e d ,  t h e r e  are no e x o t i c  fo rmulas  or 
m e t h o d ? ,  s i m p l y  s t r i c t  a d h e r e n c e  t o  t h e  
s p e c i f i c a t i o n 3  ." 



A s i m i l a r  conc lus ion  waa a r r i v e d  a t  by S h u l e r ,  Pav lov ich ,  a n d  Epp? 

(Ref.  5).  

"The n e g a t i v e  pe r fo rmance  o f  a z p h a l  t - r u b b e r  s e a l  
c o a t s  d o e s  n o t  a p p e a r  r e l a t e d  t o  f u n d a m e n t a l  
m a t e r i a l  c h a r a c t e r i s t i c s ,  b u t  r a t h e r ,  t o  
c o n 3 t r u c t  i o n  p r a c t i c e s  ." 

Given t h a t  a spha l t - rubbe r  can be s u c c e s s f u l l y  c o n s t r u c t e d ,  t h e  i s s u e s  

be come t h e  long-term pavement performance and t h e  c o s t  e f f e c t i v e n e s s  of 

u s i n g  a spha l t - rubbe r  membranes as an a l t e r n a t i v e  h ighway c o n s t r u c t i o n  

m a t e r i a l .  

DEFINITIONS 

T h e  d e v e l o p m e n t  o f  a s p e c i a l i z e d  m a t e r i a l  c a r r i e s  w i t h  i t  

s p e c i a l i z e d  te rminology.  For c o n s i s t e n c y ,  t h e  fo l lowing  d e f i n i t i o n s  a r e  

adopted from work pub l i shed  by Schnormeier (Ref.  6 ) :  

Asphalt-Rubber - A mixture  of a s p h a l t  and rubber  produced by e i t h e r  

t h e  McDonald P roces s  o r  t h e  Arizona Re f ine ry  P roces s .  The McDonald 

p r o c e s s  was e s t a b l i s h e d  i n  1968 and  combine?  h o t  a a  p h a l t  c e m e n t ,  

AR-1000, w i t h  25% g r o u n d  r u b b e r  t o  e s t a b l i s h  t h e  r e a c t i o n  a n d  

d i l u t e d  w i t h  k e r o a e n e  f o r  a p p l i c a t i o n .  The A r i z o n a  R e f i n i n g  

P roces s  was e s t a b l i e h e d  i n  1975 and c o n s i 3 t a  of  h o t  a 2 p h a l t  cement, 

AR-4000 o r  8000 mixed wi th  18 t o  22% ground rubber  t o  e s t a b l i s h  t h e  

r e a c t i o n  and d i l u t e d  wi th  a n  o i l  ex t ende r  f o r  e a s e  of  a p p l i c a t i o n .  

Asphalt-Rubber Chip  S e a l  - The a p p l i c a t i o n  o f  h o t  a s p h a l t - r u b b e r  

fo l l owed  by a n  a p p l i c a t i o n  of h o t  precoa ted  1 / 4  i n c h  nominal o r  3 /8  

i n c h  nominal agg rega t e .  



Standard o r  Conventional Chip Seal - The appl icat ion of hot aephalt 

cement, AR-4000 o r  AR-8000, fol lowed by an a p p l i c a t i o n  of hot  

precoated 1 / 4  inch nominal aggregate. 

Flush Seal - The appl icat ion of emulsified asphalt mixed 50-50 w i t h  

water and applied a t  0.1 t o  0 . 2  gallon per zquare yard. 

Stresz Absorbing Membrane (SAM) - The appl icat ion of a  hot asphalt- 

rubber sea l  coat t o  a  straecsed surface. 

Stresa Absorbing Membrane In t e r  layer  (SAMI) - The appl icat ion of a  

ho t  asphal t - rubber  chip sea l  t o  a  atrezaed surface followed by an 

asphal t ic  concrete overlay. 

Mini SAMI - The appl icat ion of a  hot asphalt-rubber chip s e a l  t o  a  

surface followed by the appl icat ion of a  conventional chip s e a l .  

Texture - The exposure of the aggregate t o  develop s k i d  res i s tance .  

Reflective Crack - Any crack tha t  has pazsed through t h e  a s p h a l t  

rubber s e a l .  

In  addi t ion,  asphalt-rubber has been used f o r  t h e  r e s u r f a c i n g  of 

portland cement concrete and asphal t  concrete pavements where r e f l ec t ion  

cracking through overlaye is a par t icu lar ly  ser ious problem. 

Three-layer  system - - An a p p l i c a t i o n  of a  hot asphal t  rubber s ea l  

c o a t  between l a y e r s  of a s p h a l t  c o n c r e t e  f r i c t i o n  c o u r s e z  on 

pavements. The asphal t  concrete f r i c t i o n  coarse may be e i t h e r  5/8 

o r  1 /2  inch thick and the hot asphal t  rubber s e a l  coat is 3/8 inch  



t h i c k .  ( T h e  t h r e e - l a y e r  s y s t e m  was n o t  e v a l u a t e d  d u r i n g  t h i s  

r e s e a r c h )  . 

F i n a l l y ,  a s p h a l t - r u b b e r  c a n  b e  u sed  a s  t h e  b i n d e r  m a t e r i a l  i n  

a s p h a l t  conc re t e .  S e v e r a l  pavement s e c t  i o n s  have been c o n s t r u c t  e a  w i  t n  

a s p h a l t  c o n c r e t e  f r i c t i o n  cou r se s  u s ing  a spha l t - rubbe r  a s  t h e  b inde r .  

I n  a l l  c a s e s ,  t h e  term a s p h a l t - r u b b e r  i s  r e s e r v e d  t o  d e s c r i b e  a 

m a t e r i a l  where t h e r e  i o  a chemical r e a c t i o n  between t h e  a s p h a l t  and t h e  

r u b b e r .  T h i s  exc lude :  m a t e r i a l s  whe re  r u b b e r  i s  used  a a  a m i n e r a l  

f i l l e r  o r  a g g r e g a t e  i n  an a s p h a l t  c o n c r e t e  mix. 

ASPHALT-RUBBER MATERIALS 

A3phalt-rubber  c o n t a i n ?  t h r e e  primary i n g r e d i e n t s :  

a? phal  t 

rubber  

d i l u e n t  

O r i g i n a l l y ,  t h e  d i l u e n t  was n o t  u s e d  i n  t h e  mix;  however  t h e  h i g h  

v i s c o s i t y  of  t h e  a spha l t - rubbe r  l e d  t o  f i e l d  c o n o t r u c t  i o n  p r o b l e m s  s o  

d i l u e n t  was a d d e d  t o  r e d u c e  t h e  v i s c o s i t y  o f  t h e  mix. The s p e c i f i c  

t y p e s  and q u a n t i t i e s  of each  i n g r e d i e n t  a r e  c o n t r o l l e d  by s p e c i f i c a t i o n s  

and  t h e   producer^. T h e r e  h a s  been a n  e v o l u t i o n  of t h e  m a t e r i a l s  ove r  

t h e  yea r s .  

A c c o r d i n g  t o  S c h n o r m e i e r  ( R e f .  6 ) ,  t h e r e  a r e  two b a e i c  t y p e s  of 

azpha l t - rubbe r ,  produced by e i t h e r  t h e  McDonald p r o c e s s  o r  t h e  A r i z o n a  

R e f i n i n g  Company, A R C O ,  p r o c e s s .  The McDonald p r o c e s s  u s e s  AR-1000 

a s p h a l t  cement, 25 p e r c e n t  ground rubbe r  and d i l u t e d  wi th  ke rosene  (Ref. 

6 ) .  S a h u a r o  Pe t ro leum and Asphal t  Company produced m a t e r i a l s  u s i n g  t h e  

McDonald p rocesa .  The ARCO p roces s  use3  e i t h e r  AR4000 o r  AR8000 a s p h a l t  



c e m e n t  m i x e d  w i t h  1 8  t o  22  p e r c e n t  g r o u n d  r u b b e r  d i l u t e d  w i t h  a n  

e x t e n d e r  o i l  (Ref .  6 ) .  Schnormeier does  n o t  d e f i n e  t h e  p r o p e r t i e e  o f  

e i t h e r  t h e  crumb r u b b e r  o r  t h e  e x t e n d e r  o i l  and does  no t  d e z c r i  be t h e  

mixing p roces s .  S p e c i f i c a t i o n s  f o r  t h e s e  m a t e r i a l s  a r e  a v a i l a b l e  f  rom 

t h e  i n d u s t r y .  

Morr i s  (Ref.  2 )  d e s c r i b e d  t h e  o r i g i n a l  p a t e n t e d  McDonald p r o c e ~ s  a: 

o n e  p a r t  g r o u n d  t i r e  r u b b e r ,  t 1 6  t o  W25 mesh s i z e  added t o  t h r e e  p a r t s  

Los Angeles Bas in  60 t o  70 pen-grade a s p h a l t ,  r e a c t e d  t o g e t h e r  f o r  20 

m i n u t e s  a t  a t empera tu re  of 375OF. I q i t i a l l y ,  t h e  mix was a p p l i e d  w i th  

a  s l u r r y  machine, b u t  problems were encoun te red  wi th  t h e  q u a l i t y  c o n t r o l  

o f  t h e  mix,  m a t e r i a l  t h i c k n e s s  a n d  t h e  dange r  of h a n d l i n g  a s p h a l t  a t  

450°F i n  a  z l u r r y  a a c h i n e .  F i v e  t o  seven  p e r c e n t  kerosene  was a d d e d  t o  

t h e  mix  i n  1971 t o  r educe  t h e  v i s c o s i t y  f o r  c o n s t r u c t i o n .  M o r r i s  (Ref.  

2 )  a l s o  r e p o r t s  t h e  a s p h a l t  cement was changed from 60 t o  70 pen  t o  1 2 0  

t o  750 pen-grade bu t  does no t  i d e n t i f y  t h e  d a t e  of t h e  change,  a l t h o u g h  

t h e  r e p o r t  i n f e r s  t h e  d a t a  of change waz 1971. 

I n  1 9 8 2 ,  R o s n e r  a n d  Chehovi t s  (Ref.  7 )  p u b l i s h e d  t h e  r e a u l t a  of a  

f o u r  yea r  r e s e a r c h  p r o j e c t  on t h e  chemica l  a n d  p h y s i c a l  p r o p e r t i e s  of  

a s p h a l t - r u b b e r  m i x t u r e s .  During t h i ~  p r o j e c t ,  l a b o r a t o r y  samples  were 

p r e p a r e d  i n  a c c o r d a n c e  w i t h  b o t h  t h e  M c D o n a l d  a n d  A R C 0  p r o c e s s .  

According t o  Rosner and Chehov i t s ,  t h e  Sahuaro-McDonald p r o c e s s  uees  AR- 

1000 a s p h a l t  cement w i th  25 p e r c e n t  g r o u n d  t i r e  r u b b e r  a n d  a d i l u e n t  

o i l .  AR-1000 h a s  a p e n e t r a t i o n  o f  a p p r o x i m a t e l y  200 t o  300 s o  i t  is 

c o n s i d e r a b l y  s o f t e r  t h a n  t h e  a s p h a l t  i d e n t i f i e d  by M o r r i s .  R o s n e r  a n d  

C h e h o v i t s  s t a t e  t h e  Sahuaro-McDonald p r o c e s s  u s e s  A l t o s  Rubber  and 

Reclaiming Co. product  TP044 compozed o f  ambient  g r i n d  t r e a d  p e e l  rubber  



s i z e d  between /I8 and W30 mesh s c r e e n s .  The g r a d a t i o n  used by Rosner and 

C hehovi ts  waz : 

S i e v e  Pe rcen t  
S i z e  Pasz ing  
,C8 100 

Rosne r  and C h e h o v i  t s  used kerosene  produced by Chevron, product  41 0-H , 

a s  t h e  d i l u e n t  o i l .  

A c c o r d i n g  t o  R o s n e r  and  C h e h o v i t e ,  t h e  A R C 0  p roces s  uses  AR 4000 

a s p h a l t  cement w i th  2 p e r c e n t  C a l i f l u x  CP ex tende r  o i l  m a n u f a c t u r e d  by 

Go lden  Bear  D i v i z i o n  of Witco Chemical Corpo ra t ion .  Rubber produced by 

U.S. Rubber Recla iming ,  product  GT 274 is added t o  t h e  a s p h a l t  cement a t  

a r a t e  o f  20  p e r c e n t .  The m a t e r i a l  is a b lend  of  40 p e r c e n t  powdered 

r ec l a imed  (devu lcan i  zed)  rubber  and 60 p e r c e n t  ambient ground vu lcan i  zed 

r u b b e r  which  c o n t a i n s  a h igh  n a t u r a l  rubbe r  c o n t e n t .  The p a r t i c l e  s i z e  

i s  most ly  between a W16 and # lo0  mesh e i e v e s .  The s p e c i f i c  g r a d a t i o n  

i a :  

S i e v e  S i z e  Pe rcen t  P a s s i n g  

li 8 100 

81 6 98 

r 3 0  76 

#5 0 2 3 

dl 00 8 

#200 0 



Rosne r  a n d  C h e h o v i t s  i n d i c a t e  t h a t  d i l u e n t  o i l s  a r e  n o t  r o u t i n e l y  ueed 

wi th  t h e  ARC0 p roces s .  The 2 pe rcen t  C a l i f l u x  GP e x t e n d e r  o i l  w e d  i n  

t h e  p roces s  does  reduce  t h e  v i s c o ~ i t y  o f  t h e  AR-4000 a s p h a l t  cement, bu t  

a t  t h i ?  c o n c e n t r a t i o n  t h e  v i s c o s i t y  i s  s t i l l  much g r e a t e r  t h a n  t h e  

v i s c o s i t y  o f  t h e  AR-1000 a s p h a l t  cement  used i n  t h e  Sahuaro-IIcDonald 

process .  

S h u l e r  e t  a l .  ( R e f .  8 )  noted  t h e  l e a r n i n g  p roces s  a a s o c i a t e d  wi th  

new p r o d u c t ?  h a s  i n f l u e n c e d  t h e  p e r f o r m a n c e  o f  a s p h a l t - r u b b e r  s e a l  

coa t? .  . P r e b l e n d i n g  t h e  a s p h a l t - r u b b e r  begun i n  1979 appear?  t o  have 

improved t h e  performance of  SAM t r e a t m e n t s .  T h i s  f u r t h e r  d e m o n a t r a t e 3  

t h e  e v o l u t i o n a r y  n a t u r e  of  t h e  technology of producing new m a t e r i a l s  and 

us ing  them I n  pavement c o n a t r u c t i o n .  

FUNCTION OF RUBBER I N  ASPHALT-RUBBER 

There a r e  b a e i c a l l y  two reason3 f o r  adding  rubber  t o  a a p h a l t :  

1 .  improve b inde r  p r o p e r t i e s  

2. d i ~ p o s e  of a was te  m a t e r i a l .  

The p r i m a r y  r e a s o n  f o r  u s i n g  a s p h a l t  r u b b e r  is t o  improve  t h e  

b i n d e r  p r o p e r t i e s ,  i? m o r e  d i f f i c u l t  t o  i d e n t i f y  a n d  q u a n t i f y .  

A c c o r d i n g  t o  Green  and  T o l o n e n  ( R e f .  9 )  t h e  p e r f o r m a n c e  o f  a s p h a l t  

c o n c r e t e  pavemen t s  h a s  b e e n  l i m i t e d  by t h e  t e n d e n c y  o f  t h e  a s p h a l t  

cement  t o  become b r i t t l e  w i t h  a g e .  When t h e  a s p h a l t  c emen t  cannot  

deform wi thout  f r a c t u r i n g ,  i t  cannot  h o l d  t h e  a g g r e g a t e  i n  p l a c e  o n  t h e  

roadway .  The a d d i t i o n  of rubber  t o  a s p h a l t  is an  a t t e m p t  t o  ex t end  t h e  

l i f e  o f  an a s p h a l t  cement by i m p a r t i n g  r u b b e r - l i k e  p r o p e r t i e s  t o  t h e  

a s p h a l t .  O l i v e r  (Ref. 10) s u p p o r t s  t h e  concept  t h a t  r e t e n t i o n  o f  ch ipe  

i n  h o t  weather  is a n  advantage  of  a s p h a l t  r ubbe r .  I n  a d d i t i o n ,  O l i v e r  

(Ref. 10 )  lists t h e  s e a l i n g  of  c r a c k s  and r e d u c t i o n  of  r e f l e c t i o n  c r a c k s  



a s  primary advantages  of asphal t - rubber  b i n d e r s .  Shu le r  , Pavlovi  ch ,  and 

Epps  ( R e f .  5 )  s t a t e  t h e  use  of rubber  i a  p r i m a r i l y  an a t t empt  t o  i n p u t  

a d d i t i o n a l  e l a s t i c i t y  t o  t h e  pavement m a t e r i a l .  I n  a d d i t i o n ,  a s p h a l t -  

rubber  has  a  lower t empera tu re  s u a c s p t i b i l i t y  t h a n  n e a t  a ~ p h s l t  a s  shown 

i n  F i g u r e  1 (Ref .  2 ) .  

I n  S c h n o r m e i e r ' c  most r e c e n t  e v a l u a t i o n  of  a spha l t - rubbe r  p r o j e c t s  

i n  Phoenix (Ref. 1 1 )  , t h e  a b i l i t y  of a  h o t  a z p h a l t - r u b b e r  membrane t o  

s e a l  u n d e r l y i n g  a s p h a l t  l a y e r s  was recognized .  Schnormeier e t u d i e d  t h e  

v i s c o s i t y  of a s p h a l t  samples recovered  from runways and t a x i w a y s  a t  t h e  

P h o e n i x  Sky H a r b o r  A i r p o r t .  The t a x i w a y  pavement  was c o n v e n t i o n a l  

c o n s t r u c t i o n  and t h e  runway s e c t i o n  had a SAM t r e a t m e n t .  The r e s u l t s ,  

shown i n  F i g u r e  2 ,  d e m o m t r a t e  a  d rama t i c  i n c r e a s e  i n  t h e  v i s c o s i t y  of 

t h e  u n s e a l e d  s e c t i o n .  The v i ? , c o s i t y  o f  t h e  a s p h a l t  u n d e r  t h e  SAM 

t r e a t m e n t  was v i r t u a l l y  unchanged a f t e r  13  y e a r s .  Schnormeier S t a t e s  

the a b i l i t y  of  t h e  a spha i t - rubbe r  t o  sea l  a pavement sui-face is "perhap.? 

t h e  m o s t  s i g n i f i c a n t  a n d  s u r p r i s i n g  p r o p e r t y "  of  a s p h a l t - r u b b e r .  

Although t h e  a p p l i c a t i o n  was d i f f e r e n t  , ADOT had p r e v i o u s 1  y r e c o g n i  zed  

t h e  s e a l i n g  a b i l i t y  o f  a ~ p h a l  t - r u b b e r  t o  p r e v e n t  m o i s t u r e  m i g r a t i o n  

(Ref.  12) .  

I n  aummary, rubbe r  i n  an a spha l t - rubbe r  mix tu re  per forming s e v e r a l  

f u n c t i o n s :  

1 .  improves bond between b inde r  and a g g r e g a t e s  

2. improves e1ast:ci:y o r  a b i l i t y  o f  t h e  b i n d e r  t o  d e f o r m  w i t h o u t  

f r a c t u r e .  

3.  s e a l  e i t h e r  a n  a s p h a l t  t o  p r e v e n t  l o s s  o f  v o l a t i l e s ,  o r  a  

subgrade  l a y e r  t o  p reven t  m o i s t u r e  movement. 

4.  r e d u c e s  t empera tu re  s u s c e p t i b i l i t y  o f  t h e  a s p h a l t  cement. 



Figure  1. Ternperat~rre Susceptab i l i t y  o f  Asphalt-Rubber and Neat Asphalt 



Figure  2. Absolute V iscos i ty  v s  Time f o r  Phoenix Sky Harbor A i r p o r t  Asphalts 
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The Envi ronmenta l  P r o t e c t i o n  Agency w i t h  t h e  i n t e n t  o f  d i z p o s i n g  of  

o l d  t i r e s ,  h a s  p roposed  " G u i d e l i n e ?  f o r  t h e  P r o c u r e m e n t  o f  Asphaltic 

M a t e r i a l s  f o r  C o n s t r u c t i o n  and R e h a b i l i t a t i o n  o f  Paved S u r f a c e s "  (Ref. 

1 3 ) .  Under t h e  p roposed  r u l e ,  s t a t e  highway agenc1e.s w i l l  b e  r e q u i r e d  

t o  d e v e l o p  a n  a f f  i r n a t i v e  procurement  program t o  e n s u r e  t h e  maximum u s e  

of  a s p h a l t  m a t e r i a l s  c o n t a i n i n g  ground r u b b e r .  P r o c u r i n g  a g e n c i e s  w i l l  

b e  r e q u i r e d  t o  u s e  a s p h a l t  m a t e r i a l s  c o n t a i n i n g  t h e  maximum amount o f  

ground r u b b e r  p o s s i b l e  i n  paved s u r f a c e  c o n s t r u c t i o n  and r e h a b i l i t a t i o n  

w h e n e v e r  s u c h  u e e  w o u l d  b e  t e c h n i c a l l y  a p p r o p r i a t e  and e c o n o m i c a l l y  

f e a e i b l e .  Under t h e  p roposed  r u l e ,  uae o f  a s p h a l t - r u b b e r  w i l l  b e  b a a e d  

o n  s o u n d  e n g i n e e r i n g  a n d  e c o n o m i c  principles s o  t h e  EPA proposed  r u l e  

s h o u l d  n o t  a f f e c t  t h e  c u r r e n t  p r a c t i c e s  of ADOT. 

OVERVIEW OF THE REPORT 

The b a l a n c e  o f  t h i s  r e p o r t  r e v i e w s  t h e  r e s e a r c h  and  p e r f o r m a n c e  o f  

a s p h a l t - r u b b e r  i n  ADOT p r o j e c t s  Ar izona .  C h a p t e r  2 rev iew2 t h e  r e s e a r c h  

program p e r f o r m e d  o r  s p o n s o r e d  by ADOT. The  c h a p t e r  h a s  t w o  m a j o r  

s e c t  i o n s ,  t h e  l a b o r a t o r y  r e s e a r c h  program and t h e  r e s e a r c h  e x p e r i m e n t a l  

p r o j e c t s  c o n s t r u c t e d  f o r  f i e l d  e v a l u a t i o n  o f  a s p h a l t - r u b b e r .  C h a p t e r  3 

is  a n  e v a l u a t i o n  o f  t h e  a s p h a l t - r u b b e r  p r o j e c t s  which were c o n s t r u c t e d  

i n  t h e  r o u t i n e  o r  n o r m a l  c o n s t r u c t i o n  c y c l e .  I n  t h i s  c h a p t e r  t h e  

c h a r a c t e r i s t i c s  o f  t h e  sect  i o n a ,  t r a f f i c  l o a d i n g s ,  a n d  per formance  o f  

b o t h  t h e  SAM and SAM1 a e c t i o n s  a r e  e v a l u a t e d .  C h a p t e r  4 p r e s e n t s  a n  

a n a l y s i s  o f  t h e  p e r f o r m a n c e  o f  c o n v e n t i o n a l  s e a l  c o a t s  a n d  o v e r l a y  

t r e a t m e n t s .  E c o n o m i c  a n a l y z i s  of a s p h a l t - r u b b e r  a n d  c o n v e n t i o n a l  

t r e a t m e n t s  a r e  p r e s e n t e d  i n  C h a p t e r  5. 



CHAPTER I1 ADOT ASPHALT-RUBBER RESEARCH 

A D O T  ha: performed and sponsored ~ e v e r a l  research projects  on the 

u?e of asphalt-rubber binders f o r  s t r e s s  abso rb ing  membrane?, , F t r e s a  

a b s o r b i n g  membrane i n t e r l a y e r s ,  and i n  t h e  t h r e e  l a y e r  system. 

Conceptually, one would des i re  a  complete laboratory evaluation of a  new 

m a t e r i a l  p r i o r  t o  using the material  i n  a  f i e l d  appl icat ion.  However, 

the r e a l i t y  of research in  the pavements area gene ra l ly  has  concur ren t  

a c t i v i t i e s  i n  the  f i e l d  and laboratory. 

The f i r s t  a spha l t - rubbe r  a c t i v i t y  e x e c u t e d  by A D O T  was t h e  

c o n s t r u c t i o n  of t e s t  s e c t i o n s  s t a r t i n g  i n  1 9 6 7  ( R e f .  4 ) .  The 

performance of the sect ions were monitored f o r  several  years be fo re  t h e  

d e p a r t m e n t  i n i t i a t e d  a comprehens ive  r e s e a r c h  program i n t o  t h e  

propert ies  of asphalt-rubber. The f i r s t  laboratory research project was 

i n i t i a t e d  i n  7975 a n d  completed i n  1977  (Ref .  9 ) .  S ince  t h a t  time 

several p ro jec ts  have been completed on many a s p e c t s  of t h e  m a t e r i a l  

behavior of asphalt-rubber . 
Concurrent w i t h  the  performance of t h e  l a b o r a t o r y  r e s e a r c h ,  t h e  

department was c o n ~ t r u c t i n g  both r e s e a r c h  experimental  p ro jec ts  and 

regular construct ion projects  w i t h  asphalt-rubber membranes. I n  f a c t ,  

the S t a t e  Engineer ordered SAMIs be incorporated on a l l  overlay projects  

of l e s s  than four i nches  du r ing  t h e  1975-76 f i s c a l  yea r .  (Mr. Gene 

Morr i s  a s s e r t s  t h i e  policy was only implemented on pavements with more 

than 20% cracking) .  As a r e s u l t  i t  was e s t ima ted  Arizona would d3e 

nearly 10,000 tons  of ground rubber in  1975-76 f i s c a l  year (Ref. 3 ) .  



LABORATORY RESEARCH PROGRAM 

The fundamen ta l  r e s e a r c h  on  methods of b l end ing  a s p h a l t  and rubbe r  

were conducted by C h a r l e s  McDonald. M a t e r i a l  3uppl iers and c o n s t r u c t i o n  

c o n t r a c t o r s  developed the equipment f o r  commercial ly mixing and a p p l y i n g  

a s p h a l t  r ubbe r .  ADOT8s r e s e a r c h  program began  w i t h  a  c o m p r e h e n 3 i v e  

e v a l u a t i o n  of t h e  chemical  and phye ica l  p r o p e r t i e s  of a s p h a l t - r u b b e r .  

The f!rst t o p i c  a d d r e s s  i n  t h e  ADOT l a b o r a t o r y  r e s e a r c h  program waa 

t h e  b a s i c  m a t e r i a l  b e h a v i o r  o f  a s p h a l t - r u b b e r  ( R e f .  9 ) .  Due t o  t h e  

markedly d i f f e r e n t  p r o p e r t i e s  of  a s p h a l t - r u b b e r  v e r s u s  n e a t  a s p h a l t  

cement ,  t h e  conven t iona l  p roduc t ion  c o n t r o l  methods a r e  n o t  s a t i s f a c t o r y  

f o r  a s p h a l t - r u b b e r .  The p r i m a r y  o b j e c t i v e  o f  t h e  p r o j e c t  w a s  t h e  

development of t e s t  methods f o r  a spha l t - rubbe r  product  i o n  co f l t ro l .  

Asphal t-rubber  m i x t u r e s  a r e  h i  g h l  y  v i s c o e l a s  t i c ;  d e v e l o p m e n t  of  

m e t h o d s  f o r  e v a l u a t i n g  t h e  b e h a v i o r  o f  a  m a t e r i a l  r e q u i r e s  an 

unde r s t and ing  of t h e  mechanica l  behavior  of t h e  m a t e r i a l .  A c c o r d i n g  t o  

G r e e n  and  T o l o n e n  (Ref .  9 ) ,  a s p h a l t - r u b b e r  h a s  a  h i g h e r  modulus  o f  

0 
s t i f f n e s a  and a h i g h e r  v i s c o s i t y  t h a n  a s p h a l t  a b o v e  50 F b u t  a l o w e r  

0 
modu lus  t h a n  a s p h a l t  be low 50 F.  The u l t i m a t e  maximum s t i f f n e s e  of  

a s p h a l t - r u b b e r  i s  o n e  f i f t h  o f  t h e  a s p h a l t  v a l u e .  Assuming e q u a l  

t e n s i l e  s t r e n g t h  f o r  bo th  m a t e r i a l 2  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  i n  c o l d  

weather  a spha l t - rubbe r  can  undergo abou t  f i v e  t i m e s  t h e  s t r a i n  b e f o r e  

r u p t u r e .  T h i s  a t t r i b u t e  o f  a s p h a l t - r u b b e r  e x p l a i n s  the  s u p e r i o r  

p e r f o r m a n c e ,  compared  t o  a s p h a l t ,  w i t h  r e o p e c t  t o  r e s i s t a n c e  t o  

r e f l e c t i o n  c r a c k i n g  (Ref. 9 ) .  

The s t u d y  of t h e  v i s c o e l a s t i c  p r o p e r t i e s  of a spha l t - rubbe r  r e q u i r e s  

t h e  u o e  o f  a  m e c h a n i c a l  s p e c t r o g r a p h  w h i c h  i s  t o o  c o m p l i c a t e d  f o r  

r o u t i n e  u s e  i n  a n  a s p h a l t  c o n t r o l  l a b .  A q u a l i t y  c o n t r o l  t e s t  was 



d e v e l o p e d  w h i c h  m e a s u r e s  s t r a i n  r e c o v e r y  u s i n g  a s l i d i n g  p l a t e  

viacometer .  Fur thermore ,  t h e  a s p h a l t - r u b b e r  r e a c t i o n  c o n t i n u e s  a f t e r  

m i x i n g  s o  G r e e n  and  T o l o n e r  recommend a  procedure  f o r  r a p i d l y  c o o l i n g  

samples f o r  t r a n s p o r t a t i o n  and s t o r a g e  s o  t h e  p r o p e r t i e s  measured i n  t h e  

l a b  a c c u r a t e l y  r e f l e c t s  t h e  m a t e r i a l  p laced  i n  t h e  f i e l d .  

The second phase of t h e  p r o j e c t  on chemical  and phys i ca l  p r o p e r t i e s  

of a spha l t - rubbe r  mix tu re s  add re s sed  s p e c i f i c a t i o n ?  and t e s t  p rocedures .  

Pav lov ich ,  S h u l e r ,  and Rosner performed t h e  r e s e a r c h  through Eng inee r ing  

T e s t i n g  L a b o r a t o r i e s  (Ref. 1 4 ) .  The o b j e c t i v e  o f  t h e  s t u d y  was t o  

develop  t e s t  methods a n d  s p e c i f i c a t i o n s  f o r  t h e  c o n t r o l  o f  a s p h a l t -  

r u b b e r .  I n  p a r t i c u l a r ,  t h e  r e e e a r c h e r s  s t u d i e d  t h e  i n t e r a c t i o n  between 

a s p h a l t  and rec la imed crumb rubber .  A l l  e x p e r i m e n t s  i n  t h i s  r e s e a r c h  

were performed on a  b lend  of  75% AR-1000 and 25% crumb r u b b e r ,  s i z e d  No. 

16 t o  No. 25. Asphal t-rubber  samples were manufactured a t  350, 375, and 

4 0 0 ' ~  w i t h  m i x i n g  t i m e s  o f  0 . 5 ,  1 .0 and 2.0 hour s .  S e v e r a l  s t a n d a r d  

t e s t s  used f o r  e v a l u a t i n g  t h e  q u a l i t y  of a s p h a l t  c emen t  were  p e r f o r m e d  

t o  de te rmine  t h e  b e s t  t e s t  f o r  e v a l u a t i n g  t h e  q u a l i t y  of  a spha l t - rubbe r .  

The primary conc lus ion  was t h e  p r o p e r t i e s  o f  a s p h a l t - r u b b e r  a r e  much 

more v a r i a b l e  t h a n  a 2 p h a l t  cement when s t a n d a r d  t e s t s  such  a 3  s o f t e n i n g  

p o i n t  and a b s o l u t e  v i s c o s i t y  a r e  uaed f o r  t h e  m a t e r i a l  I n v e s t i g a t i o n .  

The f o r c e - d u c t i l i t y  t e a t  was t h e  o n l y  t e a t  c a p a b l e  of  d i s t i n g u i s h i n g  t h e  

e f f e c t  of r e a c t i o n  t e m p e r a t u r e  and t ime.  

C o n c u r r e n t l y  w i t h  t h e  E n g i n e e r i n g  T e s t i n g  L a b o r a t o r y  p r o j e c t ,  

D r .  Jimenez a t  t h e  U n i v e r s i t y  of Arizona performed a p r o j e c t  f o r  " T e s t  

Me thods  f o r  Asphalt-Rubberq1 (Ref.  1 5 ) .  The goa l  of t h e  Jimenez p r o j e c t  

was t o  deve lop  test  procedures  r e l a t e d  t o  r e f l e c t i o n  c r a c k i n g ;  h o w e v e r ,  

v i 2 c o s i t y  a n d  d u c t i l i t y  t e z t s  we re  p e r f o r m e d  t o  o b t a i n  c o m p a r a t i v e  



v a l u e e  f o r  n e a t  a s p h a l t  and  a e p h a l t - r u b b e r .  J i m e n e z  t e z t e d  v i ~ c o s i t y  

u s i n g  a  f a l l i n g  c o a x i a l  c y l i n d e r  v i s c o m e t e r ,  d u c t i l i t y  w i t h  a 

m o d i f i c a t i o n  o f  t h e  s t a n d a r d  AASHTO p r o c e d u r e ,  a n d  h o r i z o n t a l  a n d  

v e r t i c a l  s h e a r  t e s t s .  J i m e n e z  conc luded  t h e  f a l l i n g  c o a x i a l  c y l i n d e r  

v i s c o m e t e r  t es t  p r o v i d e d  a c c e p t a b l e  d a t a  and d e m o r s t r a t e d  t h e  a d d i t i o n  

o f  r u b b e r  t o  a e p h a l  t s i g n i f i c a n t l y  r e d u c e s  t h e  t e r n p e r a t u r e - v i s c o e i t y  

0 
r e l a t i o n ~ i h i p  of t h e  m a t e r i a l .  A t  140  F t h e  v i a c o a i t y  o f  a s p h a l t - r u b b e r  

0 
was 200 times g r e a t e r  t h a n  t h e  viscosity o f  a s p h a l t ,  b u t  a t  32 F t h e  

v i s c o s i t y  o f  a e p h a l t - r u b b e r  w a s  o n e  s i x t h  o f  t h e  v i s c o s i t y  o f  

n e a t  a e p h a l t .  D u c t i l i t y  t e s t  i n d i c a t e d  t h e  a s p h a l t - r u b b e r  was n o t  

0 
s i g n i f i c a n t l y  a f f e c t e d  i n  t h e  r a n g e  o f  77-33 F .  The  h o r i z o n t a l  a n d  

v e r t i c a l  s h e a r  t e s t s  d e m o n s t r a t e d  t h e  a b i l i t y  o f  a s p h a l t - r u b b e r  t o  a c t  

a s  a  stress membrane. 

P h a s e  I11 of  t h e  p r o j e c t  o n  t h e  "Chemical and  P h y s i c a l  P r o p e r t i e s  

o f  A ~ p h a l t  Rubber Mixture.sl '  was c o n d u c t e d  by R o l ~ n e r  a n d  C h e h o v i t z  a t  

W e s t e r n  T e c h n o l o g i e s .  The r e s u l t s  o f  t h e  r e s e a r c h  were p r e s e n t e d  i n  6 

volumes publ i3hed  i n  A p r i l  o f  1982. S e p a r a t e  v o l u m e s  a d d r e s s e d  t h e  

e f f e c t s  of: 

1 .  r u b b e r  t y p e ,  c o n c e n t r a t i o n  and a s p h a l t  

2. a s p h a l t  c h a r a c t e r i s t i c s  

3.  d i l u e n t  

4. f i e l d  v e r s u s  l a b o r a t o r y  p r e p a r e d  m a t e r i a l s  

5. t e m p e r a t u r e  

T h e  s i x t h  v o l u m e  is a summary o f  t h e  r e s e a r c h  i n  P h a z e  I I I .  T h e  

f o l l o w i n g  d i s c u s s i o n  was d e r i v e d  p r i m a r i l y  f rom t h e  Summary R e p o r t  (Ref .  

7) .  



A z t a t i s t i c a l l y  designed experiment was perf ormsd t o  e v a l u a t e  t h e  

e f f e c t s  on mixture properties of :  

1 .  temperature 

2. di luent  

3 .  asphalt-rubber component% 

4. laboratory versus f i e l d  produced mixtures 

The research a l so  addressed t h e  a p p l i c a b i l i t y  of methods f o r  t e s t i n g  

asphalt-rubber. 

The e f f  ectz of rubber type, concentration, and a s p h a l t  was t e s t e d  

us ing  s i x  types  of rubbe r ,  f o u r  percentage% of rubber and two asphalt  

types.  Two samples were t e s t e d  f o r  each combination of f a c t o r s  and 

l eve l s .  Each mater ial  combination was tes ted  s i x  ways: 

0 
1 .  Absolute viscosi ty  (140 F) 

0 
2. Schweyer Reheometer (39.2 F )  

3. Force-ductil i ty ( 3 9 . 2 ° ~ )  

0 4. Sl iding P la t e  Microviecometer (32 F) 

0 
5 .  V i ~ c o s i t y  during mixing (375 F) ueing the  Arizona Torque-Fork 

6. V i e c o s i  t y  d u r i n g  mix ing  ( 3 7 5 ' ~ )  u s i n g  Haake R o t a t i o n a l  

viscometer. 

Two general conclusions could be derived from these t e s t s :  

1 .  Asphalt-rubber p r o p e r t i e s ,  o r  a t  l e a s t  t h e  t e s t  r e s u l t s ,  a r e  

highly variable .  

2. The type of rubber, concentration of rubber,  and a s p h a l t  type , 

snd  a l l  two way and three way in te rac t ions  were s ign i f i can t  a t  

the 0.05 l eve l  i n  the vaet majority of cases.  

Once the  da ta  base was establ ished,  the authors fu r the r  invest igated the 

s p e c i f i c  e f f e c t  of a s p h a l t  t y p e  on t h e  a z p h a l t - r u b b e r  m i x t u r e  



p r o p e r t i e s .  C o n c e p t u a l l y ,  t h e  e x p e r i m e n t  was d e s i g n e d  t o  t e s t  f ou r  

a s p h a l t  t ypes .  However, a f t e r  examining t h e  r e p o r t ,  one f i n d s  t h e  t e s t s  

w e r e  p e r f o r m e d  o n  a n  A R l O O O  a n d  b l e n d s  o f  AR4OOO and  C a l i f l u x  CP 

e x t e n d e r  o i l  a t  2 ,  6 ,  a n d  1 5  p e r c e n t  by t h e  w e i g h t  o f  t h e  a s p h a l t  

cement. 

The 2 p e r c e n t  C a l i f l u x  CP i s  u s e d  i n  t h e  ARC0 p r o c e s s .  The 15 

p e r c e n t  c o n c e n t r a t i o n  reduced t h e  v i s c o s i t y  of t h e  AR4000 t o  be s i m i l a r  

t o  AR1000. The 6 p e r c e n t  c o n c e n t r a t i o n  was s e l e c t e d  a s  a m i d p o i n t  

between t h e  two extremea.  

The exper iment  w i th  each  o f  t h e  a s p h a l t  l l types" were performed wi th  

t w o  t y p e s  o f  r u b b e r  a t  t h r e e  q u a n t i t y  l e v e l s  e a c h .  The p h y ~ i c a l  

p r o p e r t i e s  of t h e  asphal t - rubber  mixes were e v a l u a t e d  with t h e  aame s i x  

t e s t s  as i n  t h e  p r e v i o u s  exper iment .  The a n a l y s i s  of t h e  test r e s u l t 3  

demonst ra ted  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  p r o p e r t i e 3  of t h e  mixes w i th  

t h e  e x c e p t i o n  of t h e  v i ~ o s i t y  measured wi th  t h e  Schweyer rheometer .  

D i l u e n t  is added t o  asphal t - rubber  t o  r educe  t h e  v i s c o s i t y  , t h e r e b y  

a l l o w i n g  s p r a y  a p p l i c a t i o n  t h r o u g h  a  modi f ied  d i ~ t r i b u t o r  t r u c k .  Two 

f a c t o r s  were examined d u r i n g  t h e  e x p e r i m e n t ,  t h e  c o n c e n t r a t i o n  o f  t h e  

0 
d i l u e n t  and  t h e  c u r i n g  time a t  140 I?. AR-1000 and A l t o s  rubbe r  TP044 

were u s e d  i n  t h e  d i l u e n t  o i l  e x p e r i m e n t  i n  a  r a t i o  o f  3 t o  1 .  The 

c o n c e n t r a t i o n  l e v e l s  w e r e  0 ,  2 ,  4 ,  a n d  6 p e r c e n t  d i l u e n t  and c u r i n g  

times of  0 ,  1 ,  4, 24, and 168 hour s .  The s i g n i f i c a n t  e f f e c t s  a re  ahown 

i n  F i g u r e  3 .  R i n g  a n d  b a l l  s o f t e n i n g  p o i n t  d e c r e a s e d  a t  h i g h e r  

c o n c e n t r a t i o n s  o f  d i l u e n t  and  i n c r e a s e d  c u r i n g  t i m e  d e c r e a s e s  t h e  

s o f t e n i n g  e f f e c t  o f  t h e  d i l u e n t .  I n c r e a s e d  d i l u e n t  c o n c e n t r a t i o n  

0 
i n c r e a R e s  t h e  a p p a r e n t  v i s c o s i t y  a t  39.2 F as m e a s u r e d  u s i n g  t h e  

Schweyer rheometer ,  bu t  t h e  Schweyer viscosity i a  no t  i n f l u e n c e d  by c u r e  



Figure 3. Summary of s ign i f i can t  e f f e c t s  of d i l uen t  concentration and 
curing time experiment 
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t ime.  A s  e x p e c t e d ,  i n c r e a s e d  d i l u e n t  c o n c e n t r a t i o n  l o w e r s  l o a d  and  

s t r e s s e s  a t  f a i l u r e  i n  t h e  f o r c e - d u c t i l i t y  test. 

The  e f f e c t  of  t e m p e r a t u r e  o n  t h e  p r o p e r t i e s  o f  a s p h a l t - r u b b e r  

v e r i f i e d  t h e  e x p e c t e d  r e l a t i o n a h i p s  be tween  t e m p e r a t u r e ,  v i s c o s i t y  

p a r a m e t e r s ,  a n d  e l o n g a t i o n .  I n  a d d i t i o n ,  t h e r e  was a n  i n t e r a c t i o n  

be tween t e m p e r a t u r e  and  p e r c e n t  r u b b e r ,  a n d  t e m p e r a t u r e  and a s p h a l t  

t ype .  Th ia  i n d i c a t e s  t h e  t empera tu re  s u s c e p t i b i l i t y  o f  a s p h a l  t - r u b b z r  

v a r i e s  w i th  rubbe r  c o n t e n t  and a s p h a l t  t ype .  

There was a  sma l l  e x p e r i m e n t  t o  e v a l u a t e  t h e  c h a r a c t e r i e t i c s  o f  

f i e l d  mixed  a s p h a l t - r u b b e r s .  Two m a n u f a c t u r e r s  produced a  t o t a l  of 

e i g h t  samples which v a r i e d  w i th  r e s p e c t  t o  a s p h a l t  t y p e ,  r u b b e r  t y p e ,  

r u b b e r  c o n t e n t ,  d i l u e n t  c o n c e n t r a t i o n ,  e t c .  T h i s  e x p e r i m e n t  found 

s i g n i f i c a n t l y  d i f f e r e n t  p r o p e r t i e s  be tween  the s u p p l i e r s ,  b u t  t h i s  

conc lus ion  was confounded by t h e  l a c k  of a  common a spha l t - rubbe r  m i x t u r e  

between t h e  two s u p p l i e r s .  

I m p l e m e n t a t i o n  o f  t h e  l a b o r a t o r y  t e s t i n g  r e q u i r e s  a c o r r e l a t i o n  

between t h e  f i e l d  l a b o r a t o r y  a s p h a l  t - r u b b e r  m i x e s .  Aspha l  t - r u b b e r  

m i x t u r e s  w e r e  o b t a i n e d  f rom t h e  B u c k e y e - L i b e r t y  test  p r o j e c t  and  

compared t o  l a b o r a t o r y  m i x t u r e s  p repa red  t o  t h e  same s p e c i f i c a t i o n .  The 

componen t s  of t h e  mixes a r e  shown i n  Tab le  1 .  The r e s u l t s  of  t h e  tests 

demonst ra te  f i e l d  produced m i x t u r e s  a r e  s i g n i f  i c a n t l  y  s o f t e r  t h a n  t h e  

l a b  p r o d u c e d  m i x t u r e s .  T h i s  conc lus ion  was t r u e  f o r  t h e  m i x t u r e s  from 

both manufac tu re r s  and f o r  t h e  v a r i o u s  combinat ione of mix tu rea .  

The r e s u l t s  o f  t h i s  r e s e a r c h  p r o j e c t  on  t h e  p r o p e r t i e s  of a 8 p h a l t  

rubber  may be summarized as: 

1 .  The  f o r c e - d u c t i l i t y  t e s t  is  t h e  most s e n e i t i v e  test and has  

t h e  l o w e s t  v a r i a b i l i t y  o f  t h e  p r o c e d u r e s  e v a l u a t e d  f o r  



TABLE 1 COMPONENTS OF LABORATORY AND 
FIELD ASPHALT-RUBBER MIXTURES 

Component Sample 
8NC 3A 2 A 

A s p h a l t  Type AR1000 AR1000 AR4000 
A s p h a l t  Source E d g i n g t o n  E d g i n g t o n  Powerene 
Rubber Type TP044 TP044 GT274 
$ Rubber 2 5 2 5 2 0 
% D i l u e n t  or E x t e n d e r  0 4 2 
R e a c t i o n  Time (hr) 1.5 6 . 5  4 , 2 4 , 1 6 6  
S u p p l i e r  1 1 2 



m e a s u r i n g  t h e  p r o p e r t i e s  o f  a s p h a l t  r u b b e r .  F o r c e - d u c t i l i t y  

test p a r a m e t e r 3  may be used t o  s p e c i f y  p h y s i c a l  p r o p e r t i e s  o f  

a s p h a l t  r u b b e r .  

2. The p h y s i c a l  p r o p e r t i e s  o f  a s p h a l t  r u b b e r  depend on: 

a .  t y p e  o f  r u b b e r  

b. c o n c e n t r a t i o n  o f  r u b b e r  

c. a s p h a l t  g r a d e  

d .  t e s t  t e m p e r a t u r e  

e. d i l u e n t  c o n c e n t r a t i o n  

f .  c u r i n g  time 

3. A ~ p h a l  t - r u b b e r  m i x t u r e s  f o r m u l a t e d  w i t h  h i g h  n a t u r a l  r u b b e r  

c o n t e n t  d e v u l c a n i  z e d  c r u m b  r u b b e r  were m o r e  t e m p e r  a t  u r e  

s u s c e p t i b l e  t h a n  m i x t u r e s  f o r m u l a t e d  w i t h  a m b i e n t  g r i n d  crumb 

r u b b e r .  

4. The p r o p e r t i e e  of f i e l d - p r o d u c e d  a s p h a l t - r u b b e r  d i f f e r  wide1 y. 

5. Lab produced a s p h a l t - r u b b e r  m i x t u r e s  a r e  s i g n i f i c a n t l y  s t i f f e r  

t h a n  comparab le  f i e l d  p roduced  m i x t u r e s .  

I t  s h o u l d  b e  n o t e d  the  t e z t  p r o c e d u r e  f i n d i n g s  o f  R o s n e r  a n d  

C h e h o v i t e  a r e  i n  c o n f l i c t  w i t h  t h e  f i n d i n g 3  o f  G r e e n  a n d  T o l o n e n .  

Rosner  and C h e h o v i t s  R t a t e ,  . . . a b s o l u t e  v i o c o s i t y  t e s t  p r o c e d u r e s  

w i t h  a s p h a l t  r u b b e r  mater ia ls  y i e l d  r e s u l t s  which had  h i g h  d e g r e e s  o f  

v a r i a b i l i t y .  V a r i a b i l i t y ,  i n  many c a p e s ,  was h i g h  e n o u g h  t o  m a ? k  

d i f f e r e n c e 8  i n  m i x t u r e  c h a r a c t e r i s t i c s  w h i c h  were n o t e d  w i t h  f o r c e -  

d u c t i l i t y  a n d  s l i d i n g  p l a t e  m i c r o v i s c o m e t e r  t e s t i n g . "  On t h e  o t h e r  hand 

0 0 G r e e n  a n d  Tolonen  s t a t e ,  "The a b s o l u t e  v i s c o s i t y  a t  60 C (140 F), 10 cm 



Hg, should be used t o  d e t e r m i n e  t h e  v i s c o s i t y  o f  a s p h a l t - r u b b e r  and 

a s p h a l t - r u b b e r - k e r o s e n e  mix tu re? . .  The v i s c o s i t y  o f  t h e  m i x t u r e  is  

c lo3ely  r e l a t e d  t o  t h e  handling and a p p l i c a t i o n  of t h e  m i x t u r e  and may 

r e l a t e  t o  performance a f t e r  t h e  f i e l d  s t u d i e s  a r e  performed." 

The major t h r u s t  of the  ADOT resea rch  program wae conducted i n  t h e  

l a t e  1970's  and e a r l y  1980's .  The asphal t - rubber  induatry  has continued 

t h e  development of t h e  product and r e p o r t  low v a r i a b i l i t y  of the  product 

a n d  good r e p e a t a b i l i t y .  T a b l e  2 was compi led from l a b  r e p o r t s  by 

CRAFTCO Inc .  and I n t e r n a t i o n a l  Surf ac ing Inc .  The columns l abe led  "LAB" 

a r e  f o r  m a t e r i a l s  prepared i n  t h e  l a b o r a t o r y ,  and t h e  "JOB" column3 a r e  

f o r  m a t e r i a l s  produced i n  t h e  f i e l d .  The l a s t  12 column?. a r e  f o r  f i e l d  

m a t e r i a l 9  p r e p a r e d  a t  d i f f e r e n t  t i m e s  w i t h  t h e  same formula. These 

r e s u l t s  show l e s s  v a r i a b i l i t y  t h a n  t h e  A D O T  s p o n s o r e d  r e s e a r c h .  

FIELD RESEARCH PROGRAM 

A D O T 1 s  eva lua t ion  of asphalt-rubber i n  t h e  f i e l d  a c t u a l l y  p receded  

t h e  l a b o r a t o r y  e x p e r i m e n t s .  The f i r s t  a s p h a l t - r u b b e r  s e c t i o n  

cons t ruc ted  by ADOT was on Eas t  Van Buren, US-80, near downtown Phoen ix  

( R e f .  2 ) .  A s e c t i o n  two block3 long was cons t ruc ted  i n  1967. A s l u r r y  

machine was uzed t o  p lace  t h e  a s p h a l t - r u b b e r .  The s e c o n d  s e c t i o n  was 

p l a c e d  i n  1968 on t h e  f r o n t a g e  r o a d s  and access  vamps of 1-17 a t  Van 

Buren. T h i s  s e c t i o n  was removed i n  1987. T h i s  a p p l i c a t i o n  u s e d  a  

d i s t r i b u t o r  t ruck  which was more s u c c e s s f u l  than t h e  s l u r r y  machine, but 

con.struction problems ?till p e r s i c t e d .  N o t a b l y ,  t h e  v i s c o e i t y  o f  t h e  

a s p h a l t - r u b b e r  was t o o  g r e a t  t o  al low uniform epraying of t h e  mate r i a l  

with a conventional  d i s t r i b u t o r  t r u c k .  Although c o n ~ t r u c t  i o n  p rob lems  

were e n c o u n t e r e d  t h e s e  f i r a  t two s e c t i o n z ,  e v a l u a t i o n  of t h e  s e c t  ions 

a f t e r  two years  demonstrated t h e  asphalt-rubber was performing w e l l  and 



TABLE 2 QUALITY CONTROL DATA FROM INDUSTRY 

Viscosity Penetration Resilience % Duct i l i ty  Softening 
@ 3 5 0 ° F  @77OF @ 77OF @ 77OF Point OF 

Sacramento LAB 3500 26 3 6 
C a l  if o r n i a  JOB 4 000 28 4 4 

San Antioni LAB 3200 4 1 3 1 - - 137 
Texas JOB 2000 4 7 22 2 0 140 

Cal ifornia  LAB' 
JOB A 

B 
C 
D 
E 
F 
C 
H 
I 
J 
K 
L 

1 .  Data for  90 min. mixing and viscosi ty  @ 365OF 
2.  Duct i l i ty  a t  120 rnin. mixing was 31.5 
3. v i scos i ty  - n q , , ,  ,,,,,,,rzd e 375OF 

4 .  Viscosity measured @ 370°F 



fur ther  experiments were warranted. The sec t  ion? performed for  21 years 

and were removed fo r  reconstruction of the ramp, not  due t o  f a i l u r e  of 

the SAM. 

In the Spring of 1971, ADOT par t ic ipated in  a  National Experiment,al 

and Eva lua t ion  P r o j e c t .  A 13-mile t e s t  3ection, with 26 experimental 

fea tures ,  was constructed on I 4 0  near Minnetonka (Ref. 16 ) .  The project 

i n c l u d e d  one SAM and two SAMI  s e c t i o n s .  The f i n a l  r e p o r t  on t h i s  

project was prepared four years a f t e r  construction. The asphal t rubber  

s e c t i o n s  were performing well a t  the time of the repor t .  The section2 

were re-evaluated in  1979 and were performing well (Ref. 17). 

I n  June 1972, a  SAM waz placed on US-60, milepos t  35.5 t o  92.9 

(Ref. 18) .  The highway was serving a s  a  major truck route  t o  Cal i fornia  

s i n c e  I n t e r s t a t e  10 was not open a t  the time. The pavement was badly 

de t e r io ra t ed  w i t h  f a t i g u e  and thermal c r acks .  A t h i c k  ove r l ay  was 

planned b u t  funds  were not  a v a i l a b l e  s o  t h e  SAM was placed instead. 

After three years ,  the fa t igue  cracking had not  r e f l e c t e d  through t h e  

s u r f a c e  although there was minor thermal cracking. In  1975, a  0.5 inch 

ACFC was placed on the surface t o  improve r ide  q u a l i t y .  The c o n d i t i o n  

of t he  pavement was surveyed i n  t980 and waa i n  good condition. The 

pavement has not been overlaid o r  reconstructed a s  of 1985. 

I n  1972 ,  a t e n  m i l e  s e c t i o n  was p laced  on U . S .  89 n o r t h  of 

FlagPtaff (Ref. 3 ) .  The pavement had severe a l l i g a t o r  cracking prior t o  

t h e  SAMI t r e a t m e n t .  The object ive of placing the SAM was t o  delay the  

need f o r  recon3truction fo r  18 months. The SAMI  was r e p o r t e d  t o  have 

completely control led r e f l e c t i o n  cracking a s  of 1976. 

I n  1975, a SAMI was placed on I 40 between mile posts  31 8.8 t o  330 

(Ref .  1 8 ) .  The previous  year  a convent ional  sec t ion  waz placed from 



mile post 307.2 t o  318.8 which served a s  a  control sect ion.  The control 

.sect ion developed shr inkage  type r e f l ec t ion  cracks a f t e r  one year znd 

f a t i g u e  type  r e f l e c t i o n  c rack3  i n  t h e  second year .  Roughness was 

i n c r e a s i n g  a t  a  r a t e  t h a t  would make the roughness unacceptable i n  16 

years. In comparison, the SAMI sect ion did not have r e f l e c t i o n  c racks  

a f t e r  four  years and the roughness was increasing a t  about one half the 

r a t e  of the control sect ion.  Furthermore, the maintenance c o s t  o n  t h e  

SAMI was $22/mile/year versus $622/mile/year f o r  the control sect ion.  

The success of these pro jec ts  resul ted i n  expanded use of a ~ p h a l t -  

rubber  by  ADOT. A t o t a l  of 37 research projects  were constructed using 

asphalt-rubber. The fea tures  of t h e  25 a c t i v e  p r o j e c t s  a r e  shown i n  

T a b l e s  3 ,  4 ,  and 5 f o r  s e c t i o n s  i n  good c o n d i t i o n ,  s e c t i o n s  wi th  

d i s t r e s s ,  and s e c t i o n s  where a t  l e a e t  p a r t  of t h e  p r o j e c t  has been 

overlaid,  s e a l  coated, or reconstructed, respectively. 

Many of the REP sect ions were evaluated by ATRC s t a f f  eng inee r s  i n  

1985. Visual condition surveys were performed and photos were taken of 

the Fections. However, the condition survey performed i n  1985 was t o o  

informal  t o  allow conclusions t o  be developed on the performance of the 

sect ions.  To overcome t h i s  problem, the  pavement r a t i ng  manual used i n  

t h e  PAVER system (Ref.  1 9 )  wae obtained and s t a f f  were trained i n  the  

performance of t h i s  condition survey method. This procedure shou ld  be 

used i n  a l l  fu ture  evaluations of the pavement research sec t ions .  Even 

though the procedure is time consuming, and t h e r e f o r e  expens ive ,  t h e  

q u a l i t y  of t h e  d a t a  ob ta ined  war ran t s  t h e  use of t h i a  method f o r  

research. The survey procedure is sumrnarizsd i n  Appendix A .  F igu re  4 

shows t h e  data  co l lec t ion  form. The method was used f o r  the evaluation 

of one research experimental project .  



TABLE 3 SUMMARY OF ASPHALT-RUBBER REP SECTIONS 1R GOOD CONDITION 

PIN PROJECT NO. TYPE PROJECT HAME MILEPOST DATE TYPE OF WORK STATUS ARD 
NO. OR ROUTE RO. CONSTRUCTED - REMARKS 

R24 IR-17-l(1243 REP 7th St-Buckeye Rd. 196.0-198.81 1979 3 Layer System Currently evalua- 
7904 over PCCP 500 ft. ting. Last oval. 

section. 7/21/85 

R2 5 IR-17-l(l58) EP JCT I-10-Buckeye Rd. 194.8-198.8 1985 Devulcanized Evaluated 7/21/85 
8501 asphalt-rubber 

overlay 

8104 S-581-501 REP SR 66 61.34-61.86 1979 EB Control Section Evaluated 7/24/85 
+ AR 1000, WB SAM1 

6105 S-243-903 REP SR 68 0.0-8.15 1976 2 Test Sections Evaluated 7/23/85 
Davis Dam-Kingman 15.62-27.22 Rubber Products 

BlO8 5-568-901 REP Ashfork-Flagstaff 191.8-195.40 1978 Asphalt Rubber Seal Evaluated 8/7/85 
7802 Jct. 1-40 and U.S. coat. 

89A 

8110 S-577-904 REP SR 9 2  340.5-345.0 1982 Asphalt Rubber ACPC Evaluated 6/26/85 

Blll ?-058-1-502 REP SR 169 

812s F-016-1-915 REP us 80 nulo pass 
8102 Tunnel-Bisbee 

Underpass 

GI62 1 - 4 0 - 4  (70) REP Holbrook Int. 

10 .O-15.0 1982 3 Test Sections: Evaluated 7/25/35 
1-Treated Subgracle, 
2-Exparimmntal SAM1 , 
3-tin. AC on Sub-, 
grade 

Seal coat Asphalt- Evaluated 6/26/85 
Rubber nix ACFC 

Expansive Clay Evaluated 7/9/15 
Control-Asphalt 
Rubber on Cutoff 
Walls 





TABLE 5 SUWlARY OF ASPHALT-RUBBER REP SECTIONS WHICH HAVE BEEN 
COVERED WITH SEAL COAT OR OVERLAY OR RECONSTRUCTED 

PIN PROJECT NO. TYPE PROJECT NAME MILEPOST DATE TYPE OF WORK STATUS AND 
NO. OR ROUTE 190. CONSTRUCTED REMARKS 

R28 1-17-1-952 R E'P 1-17 SB @ Be11 Rd. 213.3-213.41 1974 Various ACPC Over Overlay has been 
PcCP overlayed 

R30 F-045-1-919 REP Masa Undarpass- 173.87-174.26 1977 Asphalt-Rubber Rebuilt for 
7603 Apache Blvd. Flush In, Rubber- geometrics 

ized ACFC over 
PCCP. 

Y51 ?-026-2-910 REP Springarville- 388.71-401.87 1978 Heater Scarifica- Project was over- 
7701 N ~ W  nexico stat.- tion vs. asphalt- layed in 1985, F- 

1 ine rubber. 026-2(7). Data is 
inconclusive but 
cconomic data is 
available. 
Asphalt-rubber 
over expansive 
soil 

6102 F-022-1-910 REP US 60 Aguila-East 85.5-93.0 
7707 

6103 FLH-033-l(10) REP SR 64 282.2-285.67 1982 

R27 1-40-4-925 REP E. Flagstaff TI- 202.79-203.97 1980 
7703 East (WE) 

REP Flagstaff A.City 216.9-222.9 19 7 7 
7706 Limits-Snowbowl Rd. 

REP US 666 315.72-322.24 1976 

Rubber Asphalt and Control Section is 
ACFC-SAnI to be Ramovad 

during Constr. of 
S.R.71 Interchange 
Performing wall 
7/85 

8" CTB+SAHI+ln Future 2" AC shown 
ACFC on plans are now 

in place. 

Six PCCP Overlays: Final Report Needs 
11SAHI-ARC0 Rubber to be writtan. 
2 )Three Layer 
3)Thr.e Layer 
4 ) SAn 
5 ) SAM 
o )overlay Sawed a t  

Joints 

7 Sections of SAM:: The first 4 sec- 
and SAflI's tions have been 

chip saaled, 
8/7/75 



Figure  4 .  Pavement Condi t ion  Evaluat ion Form 

I .  a!!isa:=r c r a c k i n g  rf 7 .  edge erackiiig : f  is. poihuier D 

2. hlesdiny sf 8 ,  joint re f  lec. crack I f  1 4 .  R R  cross sf 
3 .  block c r a c k i n g  sf 9 ,  l a n e / s h o u f d e r d r c p  1 15' r u t t i n g s F  

4 .  bumps and s a g s  I f  1 0 .  l o n g .  6 trans. c r a c k  I f  16. 
5.  cor - layat ions  sf 11. p a t c h  sf 17. slippage sf 

6. depressions sf 12. polished a g g r e g a t e s  sf 16. sue1 1 sf 

19. weathering 

type of distresas i r a v e l i n g  sf 



I n  1975 a n  e i g h t  m i l e  t e e t  s e c t i o n  was c o n a t r u c t e d  o n  s t a t e  r o u t e  

87 f o r  e v a l u a t i n g  e e v e r a l  d i f f e r e n t  a p p l i c a t i o n s  of  a s p h a l t  and  r u b b e r  

a g a i n s t  t h e  p e r f o r m a n c e  o f  a  c o n t r o l  s e c t  i o n .  P r o j e c t  F-053-1-926, 

commonly known a s  t h e  Bee l ine  Highway t e s t  s e c t i o n ,  was c o n . s t r u c t e d  t o  

e v a l u a t e  t h e  t h r e e - l a y e r  sys tem,  l o n g  s h a r d  r u b b e r ,  r ubbe r  i n  t h e  p lace  

of minera l  f i l l e r  , and a spha l t - rubbe r  a e  a b i n d e r  m a t e r i a l .  F i g u r e  5 

shows t h e  l a y o u t  of t h e  t e o t  s e c t i o n s .  There i s  no t  a  c o n c i s e  r e p o r t  of 

t h e  des ign  of each  o f  t h e  s e c t i o n s .  However,  t h e  p r o p e r t i e a  of  t h e  

s e c t i o n s  w e r e  d e t e r m i n e d  b a s e d  o n  t h r e e  memos i n  t h e  p r o j e c t  

correepondence f i l e :  

1 .  From M o r r i s  t o  Lyon on 21 March 1975 

2 .  F r m  M o r r i s  t o  Livesay o n  1 Apr i l  1975 

3.  From Lansdon t o  Morris on  1 August 1975 (post c o n s t r u c t i o n )  

There  i s  some c o n f l i c t i n g  in fo rma t ion  i n  t h r e e  memos a s  t h e  f e a t u r e s  o f  

t h e  s e c t i o n s  w e r e  c h a n g e d  d u r i n g  t h e  p r o j e c t  d e v e l o p m e n t  a n d  

c o n s t r u c t i o n  phases.  The f o l l o w i n g  summary l8 based o n  t h e  mos t  r e c e n t  

memo when t h e r e  was a d a t a  c o n f l i c t .  

S e c t i o n  A - A t l o s  v u l c a n i z e d  r u b b e r  g r a d e  TP044,  number 1 6  mesh 

s i z e ,  was u s e d  a s  a m i n e r a l  f i l l e r  a t  2-1/2 p e r c e n t  rubbe r  by t o t a l  

weight  of  t h e  mix. The a s p h a l t  cement wa? AR-1000 a t  8 p e r c e n t  a s p h a l t  

c o n t e n t .  

S e c t i o n  B - Same a s  S e c t i o n  P. e x c e p t  t h e  a s p h a l t  c o n t e n t  was 7 

p e r c e n t  and  a 0.12 g s y  pe t ro leum r e s l n  f l u s h  c o a t  was sp rayed  two days  

a f t e r  t h e  s e c t i o n  waa c o n s t r u c t e d .  

S e c t i o n  C - U . S .  Rubber Recla iming  Co. devu lcan ized  r u b b e r  was used 

a t  2-112 p e r c e n t  by weight  of t h e  m i x .  The g r a d a t i o n  o f  the r u b b e r  was 





no t  i d e n t i f i e d ,  bu t  t h e  product  name was Flo-Mix. AR-1000 was ueed a t  7 

per c e n t .  

S e c t i o n  D - A t l o a  l o n g  s h a r d  vulcanized  rubbe r ,  TP-2, was used a t  

2-1/2 pe rcen t  by weight  of mix. AR-1000 was used a t  7 p e r c e n t .  

S e c t i o n  D1 - Same a s  S e c t i o n  D e x c e p t  l o n g  s h a r d  U.S. Rubber 

Reclaiming Co. rubbe r  was used.  Note,  i n  a l l  o t h e r  c a s e s ,  U .S. Rubber  

R e c l a i m i n g  C o .  p r o d u c t e  w e r e  i d e n t l f  i e d  a s  b e i n g  d e v u l c a n i z e d ;  

presumably t h e  rubbe r  i n  t h i ?  s e c t i o n  was a l s o  devulcanized .  

S e c t i o n  E - A l t o s  l o n g  s h a r d ,  TP-2, was used a t  2 1 / 2  pe rcen t  by 

weight  of t h e  mix. AR-1000 a s p h a l t  c emen t  was u s e d  a t  6 p e r c e n t .  A 

f l u s h  c o a t  of 0.1 2 g s y  petroleum r e s i n  wae sprayed  a f t e r  c o n a t r u c t i o n .  

S e c t i o n  F - Thi3  s e c t i o n  was t h e  f i r c t  t h r e e - l a y e r  s y s t e m .  The 

f i r p t  c o u r s e  was a 5 / 8  t o  3 / 4  i n c h  ACFC u s i n g  CMlD a g g r e g a t e s  and 4 

p e r c e n t  AR-1000. A s p h a l t - r u b b e r  w i t h  2 5  p e r c e n t  A l t o s  r u b b e r  waz 

sprayed  on fo l lowed by 20 l b / s y  of CM3 a g g r e g a t e s .  The g rade  of a s p h a l t  

cement and g r a d a t i o n  of rubber  was n o t  i d e n t i f i e d ;  a l s o  t h e  memo?. a r e  

mute on t h e  u s e  of a d i l u e n t .  The t y p e  and q u a n t i t y  of rubber  ind ica te :  

t h i s  membrane was based  on t h e  Sahuaro-McDonald p roces s .  The t o p  l a y e r  

was a 5/8 inch  ACFC wi th  6 p e r c e n t  a s p h a l t  cement. A f l u e h  c o a t  of 0.12 

g3y CSS-lh with l a t e x  was sp rayed  on  t h e  s u r f a c e  a f t e r  c o n s t r u c t i o n .  

S e c t i o n  G - T h i s  s e c t i o n  was an  experiment  w i th  a spha l t - rubbe r  a s  

t h e  b inde r  i n  t h e  a s p h a l t  c o n c r e t e .  The g r a d a t i o n  of t h e  a g g r e g a t e s  was 

n o t  i d e n t i f i e d .  The b i n d e r  was a n  AR-1000 w i t h  25 p e r c e n t  vu l can ized  

rubbe r .  The b inde r  c o n t e n t  wa3 1 0 . 5  p e r c e n t .  

S e c t i o n  H - Same as S e c t i o n  G excep t  20 pe rcen t  devu lcan ized  rubbe r  

was used w i t h  a n  8.5 p e r c e n t  b inde r  c o n t e n t .  



Sect  ion  I - AR-4000 modified with 5 percent Dutrex was used a t  6 

percent binder content. After c o n s t r u c t  i o n ,  t h e  s b r f  ace was f l u s h e d  

w i t h  0.12 gsy of CSS-lh w i t h  l a tex .  

Cont ro l  S e c t i o n  - AR-1000 was used w i t h  a 6 p e r c e n t  a s p h a l t  

con ten t .  The g r a d a t i o n  of t h e  aggregate was not i den t i f i ed .  A f lush  

coat of 0.12 gsy of SS-1 h was sprayed  a f t e r  c o n s t r u c t i o n .  Mr. Gene 

Morris  r epo r t s  the o r ig ina l  design of the control aect ton waa d i f f e ren t  

from the  des ign  of t h e  o t h e r  t e s t  s e c t i o n s ,  c r e a t i n g  a b i a s  i n  t h e  

comparison of the sec t ions .  Also the t e s t  sect ion3 a r e  between Phoenix 

and the Sahuaro Lake turn  off whereas the control  sect ion i s  beyond t h e  

turn o f f .  Thus, the t e z t  sect ions may be carrying more t r a f f i c  than the  

control sec t  ion. 

Lansdon's c o n a t r u c t i o n  r e p o r t  i n d i c a t e s  a l l  sec t ions  received a 

layer  of b lo t t e r  sand a f t e r  the f lush  coat.  The report  a l s o  indicates  a 

problem w i t h  tender mixes b u t  the ~ p e c i f i c  sec t ions  a r e  not i den t i f i ed .  

An i n t e r v i e w  w i t h  Mr. Lansdon r e v e a l e d  t h a t  due t o  h i g h  a m b i e n t  

t empera tu re s ,  several  sec t  ions were flushed with water t o  improve t h e i r  

s t a b i l i t y .  

Sections D and Dl f a i l e d  by 1979 and have been replaced. Section I 

was i n  excel lent  condition and l i t t l e  i f  any d i s t r e s s  was observed. The 

condition aurvey was not performed. 

The performance of the remain1 ng s e c t i o n s ,  i n  term3 of t h e  PAVER 

pavement condition index, P C I ,  is given i n  Table 6. During the  survey, 

15 contiguous 100 f t .  sample un i t s  were surveyed  i n  t h e  d r i v i n g  l a n e .  

The s t a r t i n g  point f o r  the survey was randomly selected.  

The sec t ions  with long shard rubber f a i l e d  t o  perform. S e c t i o n s  D 

and D l  were removed four years a f t e r  construction. Section E i e  still 



TABLE 6 SUMMARY OF PAVEMENT CONDITION INDEX VALUES 
FOR THE B E E L I N E  HIGHWAY T E S T  S E C T I O N S  

\ Section 
Sample\ , 

B C: E2 F: 
Unit \ control A G'I HI 

'each of these sections have about 0.4" rutting, without rutting 
PC1 would be greater than 90 indicating excellent performance 

'extensive patching and sealing prevented accurate evaluation 



in .service b u t  patching and sea l ing  of the surface is so ex tens ive  t h a t  

an accurate d i s t r e sa  survey could not be performed. 

Sections A and 0 w i t h  2 1 / 2  pe rcen t  vu lcanized  rubber used a s  a  

minera l  f i l l e r  have not  performed a s  well a.s the other sec t ions .  The 

PC1 of these sec t ions  i a  approximately 20  p o i n t s  lower than t h e  o t h e r  

~ e c t i o n s .  

The sec t ion  wi th  devulcanized  rubber  used a s  a  mineral  f i l l e r ,  

Sec t ion  C ,  i s  performing about  t h e  same a s  sect ions F, C, H ,  and the 

Control. Each of these sect ions has a  PC1 of approximately 60, which is 

i n  t h e  good range of t h e  PAVER sca le .  The r u t t i n g  on the e n t i r e  t e s t  

pavement i s  a  l i t t l e  more than  0 .4  i nches .  Th i s  l e v e l  of r u t t i n g  

r e a u l t a  i n  a  deduct  va lue  of 37. I f  r u t t i n g  i s  not considered, the  

PCI's would be be t t e r  than 90 f o r  these sec t ions ,  which is excel lent .  

S e c t i o n  C ha? a  minor  amount of l o n g i t u d i n a l  and tran.sver.se 

cracking, i so la ted  areas  of minor ravel ing and three small a r e a s  of low 

s e v e r i t y  a l l i g a t o r  c r ack ing .  S e c t i o n  F has s e v e r a l  a r e a s  of low 

sever i ty  ravel ing and lane/shoulder drop off . (Lane/ shoulder  drop o f f  

i a  no t  a  pavement d i s t r e s s  per s e  s o  i t  should be excluded from the PC1 

c a l c u l a t i o n  when comparing pavement performance. However, i n  t h i s  

p a r t i c u l a r  a n a l y s i s ,  t h e  l e v e l  of sever i ty  was so low t h a t  i t  did not 

a f f ec t  the r e s u l t s .  Section H has a  minor amount of l o n g i t u d i n a l  and 

t r a n s v e r s e  c r ack ing  and some l a n e / s h o u l d e r  drop o f f .  The c o n t r o l  

sec t ion  has a  minor amount of ravel ing and long i tud ina l  and t r a n s v e r s e  

cracking. 

I f  r u t t i n g  i s  not  cons ide red ,  then  t h e  o v e r a l l  performance of 

Sec t  ions  C , F ,  C, H and the Control i? excel lent .  Devulcanized rubber 

used a s  a  mineral f i l l e r  ha3 performed well ,  whereas t h e  s e c t i o n s  wi th  



vu lcan ized  rubber  used a s  mine ra l  f i l l e r  have f a i l e d .  Long s h a r d  rubbe r  

s e c t i o n 3  have a l s o  f a i l e d .  The th ree - l aye r  sys tem,  and  a s p h a l t - r u b b e r  

b i n d e r s  have  performed w e l l ,  b u t  t h e  performance o f  t h e  c o n t r o l  s e c t i o n  

is  equa l  t o  t h e  a spha l t - rubbe r  s e c t i o n s .  

SUMMARY OF THE RESEARCH PROGRAM 

ADOT has  ga ined  v a l u a b l e  i n fo rma t ion  o n  t h e  m a t e r i a l  p r o p e r t i e s  o f  

a s p h a l  t - r u b b e r  t h r o u g h  t h e  l a b o r a t o r y  r e s e a r c h  program. However, t h e  

l a b o r a t o r y  r e s e a r c h  p rog ram d e m o n s t r a t e d  h i g h  v a r i a b i l i t y  . T h e  

v a r i a b i l i t y  cou ld  be t h e  r e s u l t  of e i t h e r  t h e  p r o p e r t i e s  of  t h e  a s p h a l t -  

r ubbe r  o r  t h e  t e s t  methods used f o r  nea t  a z p h a l t  may n o t  be a p p r o p r i a t e  

f o r  a s p h a l t - r u b b e r  . Q u a 1  i t y  c o n t r o l  d a t a  aupp l i ed  by a spha l t - rubbe r  

producers  f o r  r e c e n t  p r o j e c t s  i n d i c a t e s  less v a r i a b i l i t y  t h a n  was f o u n d  

d u r i n g  t h e  A D O T  s p o n s o r e d  r e s e a r c h .  I t  would be prudent  t o  reexamine 

t h e  need f o r  f u r t h e r  l a b o r a t o r y  r e s e a r c h  a t  t h i s  t ime ,  p a r t i c u l a r l y  w i th  

r e 2 p e c t  t o  v e r i f y i n g  t h e  r e s u l t s  p r o v i d e d  by t h e  a s p h a l t - r u b b e r  

producers .  

The f i e l d  r e s e a r c h  program has n o t  l i v e d  up t o  its p o t e n t i a l  due t o  

t h e  l a c k  of  s t s n d a r d i  z e d  a n d  documen ted  d a t a  c o l l e c t i o n  p r o c e d u r e 2  . 
However ,  t h e  p o t e n t i a l  e x i s t s  f o r  c a p t u r i n g  t h e  performance of  t h e  REP 

s e c t i o n s  a t  t h i a  t i m e .  T h i s  r e q u i r e d  d e v e l o p i n g  o r  a d o p t i n g  a  

s y s t e m a t i c  c o n d i t i o n  s u r v e y  p r o c e d u r e  f o r  c a p t u r i n g  t h e  pavement  

d i s t r e s s  i n f o r m a t i o n  i n  d e t a i l .  The PAVER pavement  c o n d i t i o n  i n d e x  

p r o c e d u r e  is  recommended. T h i s  procedure  s h o u l d  be adopted  f o r  a l l  REP 

s e c t i o n s  under s t u d y  by ADOT. The a p p l i c a t i o n  of t h i s  p r o c e d u r e  t o  t h e  

e v a l u a t i o n  o f  t h e  B e e l i n e  Highway t e s t  s e c t i o n  ha2  q u a n t i f i e d  t h e  

performance of t h e s e  sect ions .  



CHAPTER 111 PERFORMANCE OF ASPHALT-RUBBER HIGHWAY SECTIONS 

The p a v m e n t  management s y e  tern d a t a  b a s e  c o n t a i n s  p a v e m e n t  

c o n s t r u c t i o n ,  o v e r l a y  and pe r fo rmance  r e c o r d s  f o r  t h e  ADOT network. 

This da ta  base al lows an a n a l y s i s  of the  performance of a s p h a l t - r u b b e r  

s e c t i o n s  c a n s t r u c t e d  a s  p a r t  of t h e  r o u t i n e  cons t ruc t ion  process.  The 

pavement management d a t a  base  does  no t  d i s t i n g u i s h  between SAM'S and 

SAMI1s, however,  t h e  t y p e  o f  t r e a t m e n t  c a n  be d e t e r m i n e d  by manual 

inspec t ion  of the  c o n s t r u c t i o n  "equence. Tablee 7 and 8 summari ze t h e  

cons t ruc t ion  h i s t o r y  of the  SAM and SAM1 s e c t i o n s .  

STRESS ABSORBING MEMBRANES CONSTRUCTION HISTORY 

A s  shown i n  T a b l e  7 ,  the  d a t a  on t h e  SAM s e c t i o n s  were i d e n t i f i e d  

with respec t  t o  r o u t e ,  d i r e c t i o n  and m i l e p o s t .  The y e a r  t h e  SAM was 

p l a c e d ,  t h e  age of t h e  pavement when t h e  SAM was placed,  and t h e  age of 

t h e  membrane when t h e  next  t rea tment  was p l ? c e d  u e r e  summari zed a l o n g  

wi th  comments. 

SAM'S were  p l a c e d  on n i n e  i n t e r s t a t e  s e c t i o n s .  M o s t  o f  t h e  

s e c t i o n s  were constructed i n  t h e  mid  1970's;  s i x  of t h e  s e c t i o n s  were 

placed i n  1974,  two i n  1975 and o n e  i n  1978.  A l l  o f  t h e  membranes 

p l a c e d  i n  1 9 7 4  a n d  1975 have  been o v e r l a i d .  The average l i f e  of t h e  

rubber membrane was j u s t  over 5 y e a r s  on t h e  i n t e r s t a t e s .  The o v e r l a y s  

r a n g e d  i n  t h i c k n e s s  from 2" t o  6".  The asphalt-rubber was no t  removed. 

The o v e r l a y s  may have been e i t h e r  t o  r e d u c e  r o u g h n e s a  o r  i m p r o v e  

s t r u c t u r a l  capac i ty .  The asphalt-rubber i s  s t i l l  i n  p lace  and se rv ing .  

SAM1s were placed on e l e v e n  s t a t e  highway s e c t i o n s .  The o l d e s t  

s e c t i o n  was p l a c e d  i n  1967 and was removed i n  1983 f o r  a l i f e  of  16 

years .  The moat r e c e n t  membrane was placed i n  1981 , and was removed i n  



TABLE 7 SAM S E C T I O N S  CONSTRUCTION D A T A  

AGE @ ACE @ 
R M COVER OF RM COMMENTS* ROUTE 

1 I10 

2 I1 0 

3 r i o  

1 4  2 2"  o v e r l a y  

17 ( 3 )  4 -2" OL 3 y e a r s  
p r i o r  t o  t h e  RM 
6.0" OL i n  79 

8 7 5.5" OL i n  61 
EL a t  t ime of R M .  

10 -- 7 LC p l a c e d  w/RM 

SAM1 used  f o r  OL 

RM p l aced  on 0.5" FC 

RM p l a c e d  on 0.5" FC 
2" OL i n  85 

Used i n  n e w  c o n s t r u c t i o n  



TABLE 7 SAM SECTIONS CONSTRUCTION DATA ( C o n t l d )  

ROUTE 

21 u60 

22 U60 

23 U60 

24 U60 

25 U60 

26 U60 

27 U60 

28 U70 

29 U70 

30 U89 

31 U89 

32 U89 

33 Ul60 

34 U160 

35 u160 

36 U160 

37 U160 

38 U163 

39 U180 

40 U180 

AGE @ 
R M 

AGE @ 
COVER OF R M  COMMENTS* 

9 Recycle i n  83 

- - 2.5" AC ove r l ay  placed 
a t  time o f  RM 

- - SC i n  71 

- - - - -  - 

* L i f t  a b b r e v i a t i o n s  a r e  de f ined  i n  Tab le  9. 



TABLE 8 SAMI SECTIONS CONSTRUCTION DATA 

YR OF AGE @ STRUCTURE 
ROUTE DIR MP RM R M W/RM* COMMENTS* 

1 1 1  7 N 31 3-322 77 1 1  1.5 A C ,  .5FC Multi t rea tments  
before  SAMI 

2 I40 E 319-330 75 1 3  f .5 LC,  1.3AC RM placed on LC 

4 I40 E 354-359 75 13 1 .8  LC,  1.3 A C ,  .5FC R M  on LC 

5 I40 W 21 2-217 77 8 2.0 AC,  0.5 FC 

6 I40 W 343-347 79 1 3  2.0" LC,  4.0" AC,  .5FC HE 2" & O L  i n  84 
Two SC p r i o r  t o  
RF 

7 I40 W 348-353 79 12 2.0" LC,  4.0" A C , . ~ F C  HE 2" & OL in 84 
Two SC p r i o r  
t o  RM 

8" CB, R M ,  1 . O f t  FC 

0.5 FC 

3.0 AC, 0.3 SC 

1.0  AC, 0.5 SC 

0.6 FC, 0.5 FC 

2.5 AC, 0.5 FC 

3.0 AC 

2.0 A C ,  .5 FC 

1.0 FC 

1.5 AC, FC 

Original  pave- 
ment removed 
i n  82. 

R M  a lone i n  72 

RM put  between 
two l a y e r s  of 
FC 

1.0" FC i n  80 
i n  67 pavement 
was 2" BS 



TABLE 8 SAM1 SECTIONS CONSTRUCTION DATA (Cont'd) 

YEAR AGE @ STRUCTURE 
ROUTE D I R  MP of R M  RM W/ R M  COMMENTS 

1 8  S264 E 441-447 79 17 1 .5"  AC, SC 0 . 3  RE 0 . 5 " i n  82 
0.6 FC 

19  S277 N 323-335 78 17 1 .5  A C ,  FC 

22 U60 E 138-1 46 80 3 2 1 . 5  AC,  0 . 5  FC S e a l s  i n  71 ,73 ,76  

23  U60 E 189-190 82 29 2.0 A C ,  0 .5 FC FC i n  72 

24 U60 E 336-339 79 33 1.5 AC, 0 .5  FC SC i n  66 

26 U66 E 56-61 78 10 1 .5  AC, 0.5 FC 

27 U66 k' 57 78 44 1 .5  AC,  0.5 FC 

28 U66 W 58-61 7 8 44 1 . 5  AC, 0 . 5  FC 3.2" OL on 
Pavement in 70 

31 U89 N 451-457 76 39 1 .5 AC, 0 .5  FC SC i n  68 

32 U89 N 467-470 80 18 1.5LC, 3.0 A C ,  SC i n  83 
0 .5  SC, EL 

33  U89 N 471-476 83 22 2 .0  LC, 2.0 AC,  0 .5  SC 

34 U89 N 477 8 3 23 2.0 LC,  2.0 A C ,  0 . 5  SC 



ROUTE 

35  U89 

TABLE 8 SAM1 SECTIONS CONSTRUCTION DATA (Contfd) 

Y E A R  AGE @ STRUCTURE 
D I R  MP OF RM RM W / R M  COMMENTS 

N 478 8 3 2 3 2 .0  LC, 2.0 A C ,  SC R M  between LC 
and AC, SC i n  72 

N 479-481 76 16 0 . 8  LC,  2.0 AC, SC 

N 482-485 85 14 2 . 3  LC,  1.5 AC, SC 

N 490-493 84 2 5 2 .0  AC, 2 .0  AC, SC R M  between two 
AC layers 

N 495-503 85 2 7 1 . 5  LC, 1.5 AC, SC 

N 508-51 1 77 19 3.0 AC, 0 .5  SC FC i n  80 

N 512-51 3 80 2 1 3 .0 AC, 0 . 3  SC SC in 67 SI 70 

N 518-523 80 4 1 3.0 AC, FL 

N 31 8 8 0 5 2 3 .0  A C ,  FL SC i n  79 

N 319-331 80 4 6 3.0 A C ,  FL SC in 79 

N 345-348 76 40 2 . 0  AC, FL S l u r r y  S e a l  in 71 

N 349 7 6 40 2.0 AC, FL SC i n  70 

N 351-352 76 12 2.0 A C ,  FL FC i n  78 

N 609-610 82 42 8 CB, 2 AC,  FC Pavement was 
r e c o n s t r u c t e d  

O r i g i n a l  pavement 
d i f f e r e n t  t h a n  
MP 465 



TABLE 8 SAM1 SECTIONS CUNSTRUCTION DATA ( C o n t ' d )  

YEAR AGE @ STRUCTURE 
ROUTE DIR MP OF RM RM W/RM COMMENTS 

52 U180 W 217-21 9 77 3 1 3.0 AC, .5 FC 

53 U180 W 223-235 76 1 8  3.0 AC, SC, FL S C  i n  71 
S C  i n  8 4  

5 4  U666 E 132-138 76 26 2.5 AC, S C  FC i n  83 

55 U666 E 316 76 30 2 .5  AC, FL 

56 U666 E 317-322 76 29 2.5 AC, FL 

* L i f t  a b b r e v i a t i o n s  a r e  d e f i n e d  i n  T a b l e  9. 



TABLE 9 K E Y  T O  PAVEMENT L I F T  ABBREVIATIONS 

CODE D E S C R I P T I O N  

AGGREGATE BASE 

A S P H A L T I C  CONCRETE 

ACSC - A S P H A L T I C  CONCRETE SURFACE COURSE 

BASE MATERIAL - AB,SM 

BITUMINOUS TREATED BASE 

BITUMINOUS TREATED SURFACE 

CEMENT TREATED B A S E  

CEMENT TREATED SUBGRADE 

F L Y  ASH BASE 

ACFC - A S P H A L T I C  CONCRETE F R I C T I O N  COURSE 

FL'JSH COAT - FOG S E A L  

ACFC WITH A S P H A L T I C  RUBBER 

l X Y  ASH SUBGRADE 

GRIND 

CONSTRUCT ION F A B R I C  

ROCK F I L L  

CODE 

CV 

D E S C R I P T I O N  

GR OOV E 

HEATER S C A R I F I C A T I O N  

LIME TREATED BASE 

L E V E L I N G  COURSE - AC.AZM3 

LIME SUBGRADE 

CONCRETE 

S E A L  COAT - COVER MATERIAL WITH EMULS:[FIED ASPHALT 

S E L E C T  MATERIAL 

SUBGRADE S E A L  

SLURRY S E A L  

RECYCLED AC - ASPHALT REMOVE, R E J W E N A T E D ,  REPLACED 

REMOVED E X I S T I N G  MATERIAL 

RUBERIZED MEMBRANE ( INTERLAYER OR S E A L  COAT) 

RECYCLED AC OVERLAY 

LEAN CONCRETE BASE 



1984. Other t han  t h e s e  extremes,  t h e  b u l k  of the SAM applicat ion on 

.state router  were i n  t he  mid 1970'3. One s e c t i o n  was placed i n  1972, 

two i n  1974, fou r  i n  1975, and one each i n  1976 and 1977. There i e  no 

indicat ion of reseal ing of s i x  of t h e  pavement ~ e c t i o n s .  A f r i c t i o n  

course was placed on one sec t ion  one year a f t e r  the membrane was placed, 

which may have been planned o r  staged construction. 

The SAM placed i n  1967 was removed i n  1983, thus,  i t  provided a  

l i f e  of 16 years. The other  SAM sec t ions  l a s t e d  t h r e e  t o  e i g h t  y e a r s  

before  t hey  were overlaid o r  removed. The o r ig ina l  pavement s t ruc tu re s  

were from 1 3  t o  2 9  y e a r s  o l d  when t h e  SAMs were p l a c e d .  So t h e  

pavements a r e  now 25 t o  40 years  old.  Based on t h i ?  information, one 

would be s a t i s f i e d  with the l i f e  of the s t r u c t u r e  and the a b i l i t y  of the  

SAM t o  prolong pavement l i f e .  

SAM1s were placed on 20 homogeneous s e c t i o n s  of US r o u t e s  i n  

Arizona.  The e a r l i e s t  use was in  1972 when two section? were t r ea t ed .  

One of these sectionz received a  SAM1 in 1977 and t h e  o t h e r  s e c t  ion  i s  

s t i l l  functioning. There was regular use of SAM1s on projects  from 1972 

u n t i l  1978. The most recent  SAM placement was i n  1980. Six of t h e  S A M  

sect ions on route  U60 received e i t h e r  a  f r i c t i o n  course o r  overlay a f t e r  

5 years. One sec t ion  on U60 was overlaid a f t e r  f i v e  years,  two sec t ions  

on U89 r e c e i v e d  a  s e a l  c o a t  a f t e r  f o u r  yea r s  of s e r v i c a .  The two 

sect ions on U70 provided e ight  t o  nine y e a r s  of s e r v i c e .  One s e c t i o n  

was o v e r l a i d  and t h e  o t h e r  was recycled. Three sec t ions  on U160 were 

overlaid i n  1985. The balance of the SAM sec t ions  have not received any 

t r ea tmen t  s i n c e  they  were placed.  I n  o t h e r  words, 30 percent of the 

SAM1s l a s t ed  5  years,  28 percent of the sec t ions  se rved  8  t o  10 y e a r s ,  

and t h e  r e s t  of the SAM1s a r e  still  in  serv ice  a f t e r  9 t o  12 years.  Of 



these sec t  ions,  i n  two caee? the  a? phal t - rubber  membrane was removed 

p r i o r  t o  t h e  subaequent t r e a t m e n t .  I n  a l l  o t h e r  casea the asphalt-  

rubber membrane is s t i l l  par t  of the  pavement s t ruc ture .  

STRESS ABSORBING MEMBRANE INTERLAYERS CONSTRUCTION HISTORY 

SAMI1s were used on seven i n t e r e t a t e  e c t i o n s ,  1 4  s t a t e  highway 

s e c t i o n 2  and 36 US highway s e c t i o n ? .  There have been a  v a r i e t y  of 

placements of the asphalt-rubber layer .  In  moat casea, the membrane i z  

placed d i r e c t l y  on t h e  e x i a t i n g  pavement followed b y  a l e v e l i n g  up 

c o u r ~ ; e ,  asphal t  c o n c r e t e ,  and a  f r i c t i o n  coa r se  a s  needed. I n  some 

c a s e s  t h e  l e v e l i n g  up cour se  was placed on t h e  e x i p t i n g  pavement 

followed by the membrane then the asphal t  concrete. 

The seven SAMI s e c t i o n s  on in te ra ta te? ,  were con?tructed from 1975 

t o  1979. The three sec t ions  placed i n  1979 on 1-40 have been o v e r l a i d .  

Mr. Gene Morris, the ADOT S t a t e  Research Engineer when the SAMI section2 

on 1-40  were p laced ,  e t a t e d  dur ing  an in t e rv i ew t h a t  t h e  a s p h a l t  

c o n c r e t e  m a t e r i a l  used f o r  t h e  o v e r l a y  of t h e s e  s e c t i o n s  had low 

s t a b i l i t y  and therefore excess r u t t i n g  developed. The low s t a b i l i t y  was 

c a u s e d  by us ing  a  blow sand f o r  t h e  f i n e  a g g r e g a t e ,  a  l i g h t  grade  

asphal t  cement, and f lushing the pavement w i t h  r e j  uvenator  a t  t h e  t ime 

of conPtruction. Thus, f a i l u r e  of the surface layer  of asphal t  concrete 

required removal of the 2" of the  s u r f  ace and o v e r l a y .  The a s p h a l t -  

r u b b e r  membrane d i d  n o t  f a i l  and  i s  s t i l l  i n  p l ace .  The o t h e r  

i n t e r s t a t e  s e c t i o n s  a r e  i n  ~ e r v i c e  and have not  r e c e i v e d  f u r t h e r  

treatment. 

SAMI1s were placed on 13 s t a t e  routes  from 1975 t o  1979. A Itmini 

SAMI," asphal t  rubber membrane followed by a  f r i c t i o n  course, waa placed 

i n  1982. Two of the four  SAM118 placed i n  1979 were removed i n  1981 and 



1982. The SAM1 placed on S169 a t  milepost 1 1  t o  14 waa an attempt t o  

place an asphalt-rubber membrane d i r ec t ly  on the subgr  ade then  s u r f  ace 

w i t h  a  o n e - i n c h  f r i c t i o n  c o u r e e .  M r .  Morria r epo r t ed  du r ing  an 

in t e rv i ew t h a t  c o n s t r u c t  ion equipment t o r e  up t h e  a? p h a l  t - r u b b e r  

membrane, leading t o  prenature f a i l u r e  of the sec t ion .  One sec t ion  wa? 

overlaid a f t e r  f i v e  years of s e r v i c e ,  and ano the r  s e c t i o n  r e c e i v e d  a  

f r i c t i o n  courae a f t e r  four year? of service.  The remaining 10 sec t ions  

a r e  s t i l l  i n  3ervice a f t e r  nine t o  eleven year3 of se rv ice .  The SAMI1 s 

appear  t o  be provid ing  good s e r v i c e .  They were placed on pavements 

which were 15 t o  32 yea r s  o ld  a t  t h e  t i m e  of t h e  t r e a t m e n t .  S o  

a p p a r e n t l y ,  t h e  o r i g i n a l  pavements provided good serv ice  and the  l i f e  

was e f fec t ive ly  extended by the  SAMI1s. 

SAMI ' s  were placed on 36 US routes from 1973 t o  1984. Nine of the 

SAMIts have received e i t h e r  a  sea l  coat or f r i c t i o n  course. One of t h e  

s e c t i o n ?  r ece ived  a  s e a l  c o a t  a f t e r  e i g h t  yeare, b u t  the other  e ight  

section?, received the surface dreseing within the f i r s t  four year" a f t e r  

t h e  SAMI was placed.  One would have t o  expect erne problem with the 

des ign  o r  con3 t ruc t ion  of t he  a s p h a l t  conc re t e  o r  f r i c t i o n  c o u r z e  

s u r f a c e  l a y e r  when . sea l ing  is r e q u i r e d  i n  f o u r  yea r s  or  le .sa .  Two 

SAMI'a received a  s e a l  coa t  a f t e r  one year .  T h e ~ e  d i d  not have any 

t r ea tmen t  on t h e  a s p h a l t  concre te  a t  the time the  SAMI was placed. A 

fog sea l  was used a s  the f i n a l  dressing on a l l  but one of the other  SAM1 

s e c t  ion? which rece ived  a  s e a l  coat i n  four years. Although fog s e a l s  

were used on some successful  project^, the  c o r r e l a t i o n  of t h e  f o g  s e a l  

wi th  the  need f o r  a  s e a l  c o a t  s h o r t l y  a f t e r  t h e  SAM1 was placed may 

indica te  t h a t  fog s e a l s  are not an appropriate treatment for  f i n i sh ing  a 

SAMI job. 



The majority of SAM1 aections a r e  s t i l l  in  service.  TheEe range in  

age from 3 t o  1 2  year8 old. Conzidering the t o t a l  mileage of the SAMI 

sect ions and t h e i r  age a t  t h i e  time, the perforn~ance appeare very good. 

The section3 which have been overlaid or removed represent 47 of the 252 

miles t h a t  have been overlaid with a  SAMI. In most of t h e s e  c a s e s  t h e  

pavements have only  r ece ived  a  f r i c t i o n  course  or  sea l  coat.  These 

treatments would be wed t o  correct a  d e f i c i e n c y  i n  t he  s u r f a c e  l a y e r  

r a t h e r  than  a  f a i l u r e  of t h e  asphal t - rubber  membrane. The asphalt- 

rubber membrane has been removed on only 6 of t h e  252 milee. Thus, t h e  

SAMI appears t o  provide excel lent  performance. 

TRAFFIC HISTORY ON THE ASPHALT-RUBBER SECTIONS 

A computer p r i n t  out of t h e  t r a f f i c  data fo r  a l l  ADOT routes  wa: 

provided by t h e  sponsor .  The d a t a  f o r  t h e  a s p h a l t  rubber  s e c t i o n ?  

obtained from the computer p r in t  out a r e  ~umrnarized on Table3 10 and 1 1  

fo r  the SAM and SAM1 sectiona respect ively.  

For pavement performance e v a l u a t i o n ,  t h e  cumulat ive equivalent 

s i n g l e  a x l e  l oads  a r e  r e q u i r e d  over  t l ~ e  performance per iod  of  t h e  

pavement. The r igh t  two columns in  Tables 10 and 1 1  show the cumulative 

ESAL9s both be fo re  and a f t e r  t h e  SAM o r  SAMI. These columns were  

computed us ing  t h e  procedure: recommended f o r  t h e  a n a l y s i s  of ADOT 

t r a f f i c  data  (Ref. 20). 

I n  gene ra l  the t r a f f i c  data  appear reasonable. However, t he re  a r e  

a  couple of section.? w i t h  unusual growth f a c t o r s .  U89 Setween mi le  

po? t s  66 t o  67 has a  zero t r a f f i c  growth f ac to r .  Thus, the cumulative 

t r a f f i c  is simply the annual t r a f f i c  t imes t h e  number of y e a r s  i n  t h e  

ana lys is  period. U70 between mileposts 255 t o  257 has a negative growth 

f a c t o r ,  -0.3%. If o n e  use? t h i ~  t r a f f i c  growth f a c t o r  and p r o j e c t s  



TABLE 10  TRAFFIC HISTORY OF SAM SECTIONS 

ROUTE D I R  MILEPOST YEAR AGE @ TRAFFIC EQUIVALENT SINGLE AXLE LOAD 
BEG. END OF SAM GROWTH BASE BEFORE AFTER 

SAM YEAR SAM SAM 
( 1  000) (1000) (1000) 



TABLE 1 1  T R A F F I C  HISTORY OF SAMI S E C T I O N S  

ROUTE D I R  MILEPOST YEAR ACE @ T R A F F I C  EQUIVALENT S I N G L E  AXLE LOAD 
BEG. END O F  SAM1 GROWTH BASE BEFORE AFTER 

SAM1 SAM1 SAM1 
( 1 0 0 0 )  ( 1 0 0 0 )  ( 1 0 0 0 )  



TABLE 11 TRAFFIC HISTORY OF SAMI SECTIONS (Contld) 

ROUTE DIR MILEPOST YEAR AGE @ TRAFFIC EQUIVALENT SINGLE AXLE LOAD 
BEG. END OF SAM1 GROWTH BASE BEFORE AFTER 

SAM1 SAM1 S A M 1  
( 1  000) (1000) (1000) 



backward t o  when t h e  r o a d  was o p e n e d ,  one  computes an annual ESAL of 

29,400 when t h e  road was opened versus 26,000 ESAL i n  1986. Route  S95 

from m i l e p o s t  220 t o  233 h a s  a  growth r a t e  of 11.9 percent which can 

r e s u l t  i n  t r a f f i c  exceeding t h e  c a p a c i t y  of  t h e  r o a d  in a  r e l a t i v e l y  

s h o r t  t ime.  

Although t h e  t r a f f i c  d a t a  appear t o  be r e a s o n a b l e ,  t h e  e x c e p t i o n s  

n o t e d  above  g e n e r a t e  some c o n c e r n  f o r  t h e  v a l i d i t y  of t h e  remaining 

d a t a .  The development  of  m e c h a n i s t i c  pe r fo rmance  models r e q u i r e :  

knowledge o f  h i s t o r i  c a l  t r a f f i c  l o a d s ,  which is n o t  c u r r e n t l y  being 

captured i n  t h e  ADOT PMS database .  

PERFORMANCE OF SAM AND SAM1 H I G H W A Y  SECTIONS 

The pavement management aystem d a t a  base c o n t a i n s  h i s t o r i c a l  d a t a  

on c r a c k i n g ,  roughness, and Mu-Meter values .  The Mu-meter d a t a  waw not 

analyzed f o r  t h i s  r e p o r t .  Data were provided f o r  e a c h  m i l e p o s t  of  t h e  

asphalt-rubber sec t iona  and the  m a n s  per year were com?uted f o r  each of 

t h e  3ection.s. The cracking and roughness d a t a  a r e  summarized i n  T a b l e s  

1 2  through 15 f o r  both t h e  SAM and SAM1 s e c t i o n s .  

The d a t a  i n  t h e s e  t a b l e s  were rev iewed  f o r  r e a s o n a b l e n e s s .  The 

c r a c k i n g  d a t a  appear  t o  be v e r y  reasonable .  Few of e i t h e r  t h e  SAM o r  

S A M 1  s e c t i o n s  have s i g n i f i c a n t  amounts of cracking.  The roughness  d a t a  

is  more v a r i a b l e  t h a n  t h e  c r a c k i n g  d a t a .  A b r i e f  review of t h e  d a t a  

showa t h a t  i n  1982 many o f  t h e  s e c t i o n s  g o t  s m o o t h e r  r a t h e r  t h a n  

r o u g h e r ,  28 of  34 SAM oect iona got  smoother and 38 of 53 SAM1 z e c t i o n s  

got  smoother. This could i n d i c a t e  a  " d r i f t "  i n  t h e  c a l i b r a t i o n  of  t h e  

r o u g h n e s s  m e t e r .  P l o t s  of roughness v e r s w  t ime a r e  given i n  Appendix 

B. 



TABLE 1 2  C R A C K I N G  DATA FOR SAM S E C T I O N S  

ROUTE D I R  M I L E P O S T  Y E A R  AGE @ PERCENT C R A C K I N G  
BEG. END O F  SAM 79 80 81 82 83 84 85 

SAM 



TABLE 13 C R A C K I N G  DATA FOR S A M I  S E C T I O N S  

ROUTE D I R  M I L E P O S T  YEAR AGE @ P E R C E N T  C R A C K I N G  
B E G .  END O F  SAM1 79 80 81 82 83 84 85 

SAM1 



ROUTE 

TABLE 1 3  C R A C K I N G  DATA F3R S A M I  S E C T I O N S  ( C o n t '  d .  ) 

D I R  M I L E P O S T  YEAR ACE @ P E R C E N T  CRACKING 
BEG. END O F  SAM1 79 80 81 82 83 84 85 

SAM1 



T A B L E  1 4  R O U G H N E S S  DATA FOR SAM S E C T I O A S  

R O U T E  D I R  U I L E P O S T  Y E A R  A G E  @ R O U G H N E S S  ( I N C H E S  PER M I L E )  
B E G .  E N D  O F  SAM 7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  8 1  8 2  8 3  8 4  8 5  

S AH 



TABLE 1 5  ROUGHNESS DATA FOR SARI SECTIONS 

ROUTE DIR HILEPOST YEAR AGE @ ROUGHNESS (INCHES PER U I L E )  
BEG. END OF SAM1 7 2  7 3  7 4  7 5  7 6  7 7  7 8  7 9  8 0  8 1  8 2  8 3  8 4  8 5  

SAM1 



m  I n w o  
m m m m  
d d N 4  



Cracking of the SAM Sections 

A? shown i n  Table 12, there  has been very l i t t l e  c r ack ing  of t h e  

SAM a e c t i o n a .  Table 12 should  be used i n  con junc t ion  w i t h  Table 6 

showing the age of the SAM when i t  was covered w i t h  e i t h e r  a  sealcoat  or  

an o v e r l a y .  Note t h e  f i r s t  f i v e  i n t e r s t a t e  sect ion? were overlaid i n  

1979 or e a r l i e r ,  s o  the data i n  Table 12 r e f l ec t a  the performance of the 

ove r l aya .  The o t h e r  s e c t i o n s  of i n t e r s t a t e ,  except 140 W a t  MP 203, 

s t a r t e d  t o  show c rack ing  i n  1980 and were o v e r l a i d  i n  1981.  These 

s e c t i o n s  have n o t  developed new cracking i n  the four year? s ince  they 

were overlaid.  The SAM on I 4 0  W a t  MP 203 was placed i n  1978. I n  1981- 

1982 the cracking went from 2 t o  20 percent and has remained es3ent ia l ly  

constant; the reduction i n  cracking i n  1985 could be e i t h e r  pa tch ing  o r  

a  variance i n  the data. 

Four of the  s t a t e  routes  with SAM9 have developed some c rack ing .  

However, i t  appears  the cracking develops in  one year and then remains 

constant,  as shown f o r  s ec t  ions: 

S68 E MP 2 t o  8 

S68 E MP 16 t o  27 

S87 N MP 186 t o  193 

S264 E MP 323 t o  344 

S264 E MP 456 t o  465 

Thus, although some of the s t a t e  highway s e c t i o n s  wi th  SAM3 have some 

cracking, there  does not appear t o  be a rapid progression of d i s t r e s s .  

The f i r s t  s i x  US r o u t e s  i n  Table  12 r ece ived  e i t h e r  a  f r i c t i o n  

cour se  o r  ove r l ay  f i v e  t o  s i x  years a f t e r  the SAM3 were placed. These 

treatments occurred from 1977 t o  1980 eo  most of t h e  d a t a  i n  Table  1 2  

f o r  t h e s e  s e c t  i ons  is f o r  t h e  behavior  of the t r ea t ed  sect ions.  The 



data base does not  show t h e  c o n d i t i o n  of t h e  s e c t i o n 3  p r i o r  t o  t h e  

t r ea tmen t3 ,  however, t h e  very low percent  cracking on these sect ion? 

indicates  good performance. I t  can be noted t h a t  U60 E a t  MP 349 t o  352 

had 2 0 %  c r a c k i r . ~  p r i o r  t o  a  2.5" ove r l ay  i n  1980 and t h e r e  is not 

r e f l ec t ive  cracking 3hown i n  the sec t ion  as  of 1985. 

A l l  3 e c t i o n ~  of r o u t e  U160 show more cracking than any other SAM 

3ection3. The data  for  1979 appears quez t ionab le  s i n c e  c rack ing  goes 

from 0 t o  as  much a s  36% i n  1980. The cracking i n  1980 and 1984 appear 

t o  be a t  s imi la r  l eve l s  although there  is a reduct ion i n  t h e  amount of 

c r ack ing  i n  1982. There is  no th ing  f n the con.struction h is tory  data  

f i l e  t ha t  would account f o r  t h ix  reduct ion i n  t h e  amount of c r ack ing .  

Also, s e v e r a l  section3 went t o  zero cracking i n  1985 without a  su i t ab l e  

explanation i n  the construction data f i l e .  

Roughne3a of S A M  Sect ions 

The roughness data  fo r  the SAM sect ion? a re  ~ummarized i n  Table 1 4 .  

These data were analyzed w i t h  the regression equation procedure of Lotus 

123 (Ref. 21) t o  produce l i n e a r  e q u a t i o n s  between roughneas and t h e  

years a f t e r  the  S A M  treatment as shown i n  Table 16, i - e . :  

where: 

R = Roughness 

Co,C,  = regreseion coe f f i c i en t s  

Y = year3 a f t e r  S A M  Treatment 

note y = 1 f o r  the year of the treatment 

e = standard e r r o r  of the e ~ t i r n a t e .  



TABLE 16 ROUGHNESS EQUATIONS FOR SAM SECTIONS 

Co 1 

Insufficient d a t a  

124.80 1 0.20 

87.60 6.80 

80.06 27.10 

67.90 20.70 

130.86 15.89 

126.57 14.21 

91.71 8.00 

111.00 18.21 

149.55 16.18 

228.1 3 7.69 

208.00 2.40 

Insufficient d a t a  

50.00 9.00 

62.16 8.93 

90.50 2'1.50 

Insufficient d a t a  

141.60 7.02 

256.95 4.60 

145.64 12.92 

112.80 20.80 

117.00 18.00 

127.30 19.50 

75.30 13.50 

21 1 .OO 31 .20 

240.56 -10.42 

204.57 2.36 

139.71 9.14 



TABLE 1 6  ROUGHNESS EQUATIONS FOR S A M  SECTIONS ( C O N T ' D )  

1 

I n s u f f i c i e n t  data  

189.87 7.06 

164.89 5.33 

188.73 3.08 

162.47 5.19 

21 3.67 10.00 

195.14 4.74 

108.72 3.37 

118.60 3.80 



2 
The I n t e r s t a t e  sec t ions  have reasonable R values except f o r  I 4 0  W 

MP 203, which has one low roughneas measurement t ha t  cannot be explained 

b y  examining the construction data  f i l e s .  The equation? a l l  make sense 

i n  t h a t  there  i s  a  posi t ive cor re la t ion  between roughneaa and age .  The 

average annual change i n  roughness i s  12.5 inches per mile. 

2 
Six of the 9 equation? fo r  the ,state highway eect ions have good R 

value2.  S71 N a t  MP 86 t o  90 shows no cor re la t ion  between the age of 

the SAM and roughnees. The cor re la t ion  f o r  S 264 E a t  MP 456 t o  465 i e  

very poor. Thi? sect ion has high roughness, but there i a  no consiRtent 

trend i n  the data .  The average annual change i n  roughness of the  SAM 

s e c t i o n ?  i s  10.7 inches  per  mi l e  per year .  Without the two section3 

which show a poor cor re la t ion ,  the annual change i n  roughness  would be 

12.7 inches per mile per year. 

One of the US route sect ions ha: a  nega t ive  C ,  c o e f f i c i e n t  which 

i n d i c a t e s  t h e  s e c t i o n  i ?  g e t t i n g  smoother. T h i ?  sec t ion  has a  low R 
2 

2 
which indicates  a l o t  of s c a t t e r  i n  the data  points.  The R va lues  f o r  

t h e  US r o u t e s  i n  genera l  a r e  lower t han  f o r  the i n t e r s t a t e s  or s t a t e  

routes .  The average annual change i n  roughness  f o r  t h e  US route?,  i s  

14.3 inches per mile. 

Cracking of the SAM1 Sections 

As shown i n  T a b l e  1 3 ,  SAMI t r e a t m e n t ?  have  been ex t remely  

successful i n  preventing c racking .  Only 3 of t h e  57 s e c t i o n s  i n  t h e  

data base have developed a  s ign i f i can t  amount of cracking. Two of these 

sec t ions  a r e  on U7O E a t  MP 255 t o  257 and 258 t o  259. The condition of 

t h i e  r o u t e  be fo re  t h e  SAMI was placed is unknown a0 there  is no way t o  

judge i f  the performance was acceptable o r  not. However, t he  r o u t e  wa? 

27 yeare  o l d  when t h e  SAMI was placed and i t  l a s t e d  8 y e a r s  on one 



e e c t i o n  and 9 year? on t h e  o t h e r  s e c t i o n .  The o t h e r  s e c t i o n  w i t h  

c racking  i p .  U89 a t  MP 4 2 1  t o  425. This zection wae 36 year?. old when 

the SAMI was placed and has 219 cracking a f t e r  1 2  year? of service.  

Roughne~s of the  SAMI Sections 

Linear regression analyais of roughness vereus years a f t e r  the SAMI 

t r e a t m e n t  were d e v e l o p e d  a s  shown i n  Table 17. I n  g e n e r a l ,  t h e  

cor re la t ion  between roughness and age i s  not aa s t r o n g  f o r  t he  SAMI 

s e c t i o n s  a s  i t  was f o r  t h e  SAM s e c t i o n s .  One may r a t i o n a l i z e  t h i ?  

conclusion by assuming t h a t  t he  expec ted  annual change on the  SAMI 

s e c t i o n s  should be l e s s  than f o r  t h e  SAM sec t ion? ! ,  and t h e r e f o r e  a  

longer obaervation per iod  i s  r equ i r ed  t o  i d e n t i f y  t h e  t r e n d s  i n  t h e  

data.  

Reviewing the r e g r e ~ s i o n  coef f ic ien ts  fo r  the i n t e r s t a t e  s e c t  i ons  

show: t h r e e  of t he  seven sec t ions  have R 2  be t te r  than 0.70. For these 

sections, the average annual change in  roughnes3 is 8.9 inches per mile. 

t h e  s e c t i o n  on I 4 0  W a t  MP 348 t o  353 would have a  reasonable R 2  i f  one 

datum point was eliminated. The measurement? from 1980 t o  1981 changed 

by 59 i nches  per mi le  which i a  impoesible fo r  a l l  p rac t ica l  purpo.see. 

T h i s  is the  only s e c t i o n  where t h e  change i n  roughness  per year was 

greater than the average fo r  the  i n t e r s t a t e  SAM sect ions.  

There was more variance i n  the  performance of the SAMI s e c t i o n 3  on 

2 s t a t e  r o u t e s .  Only t h r e e  of t e n  s e c t i o n s  have reasonable R values. 

Two .sect ion3 have n e g a t i v e  c o e f f i c i e n t 3  f o r  t h e  a n n u a l  change  i n  

2 
roughness; these sect ions a l so  have very low R values indicat ing a lack 

of s ign i f i can t  cor re la t ion .  The average annual change i n  roughness f o r  

2 
the  section? with a  R greater  than 0.7 i s  7.0 inches per mile per year. 



TABLE 17 ROUGHNESS EQUATIONS FOR SAMT SECTIONS 

lnsufficient data 

120.73 0.89 

Insufficient data  

123.12 3.65 

Insufficient data 

91.00 3 -93  

61.87 4.66 

60.00 12.30 

100.80 9.34 

57.75 5.50 

43.50 6.49 

54.03 6.09 

215.59 -8.71 

151.31 10.78 

61 .48 5.10 

109.67 -2.07 

161.65 1 .03 

dof 



TABLE 17 ROUGHNESS EQUATIONS FOR SAM1 SECTIONS (Contld) 

Insufficient data 

94.78 3.80 

Insufficient data 

70.07 6.31 

128.50 3.50 

101.73 4.47 

81.54 2.71 

59.71 3.95 

95.28 3.63 

67.00 15.70 

79.11 5.47 

92.22 5.43 

Insufficient data 

88.67 6.57 

152.58 -6.18 

120.18 8.07 

158.93 5.94 

127.00 7.04 

dof 



2 
Eleven of the 34 SAM1 section? on US routes had an R g r e a t e r  than  

0.7. Four s e c t i o n s  had nega t ive  c o e f f i c i e n t s  and on one of t h e s e  

2 
sec t ions ,  U666 E a t  M P  132 t o  138, the  R was 0.63. Review of t h e  d a t a  

f o r  t h i s  s e c t  i o n  i n  Table 1 2  showa the roughness doe2 decrease 5 year? 

and increases only 3 yeara. This is probably an extreme demonntration 

of the amount of variance in  roughness meaaurements. The average annual 

2 
change i n  roughneas f o r  the s e c t i o n s  with R of 0.70 o r  more i~ 1 2 . 2  

i nches  per m i l e s  per year .  This  average includes a sec t ion  where the 

change i n  roughneas was 36 inches per mi le  per  y e a r ,  U89 N a t  MP 477. 

Without t h i s  aect ion,  t he  average change i n  roughness is 9.8 inches per 

mile per year f o r  the SAM1 sect ions on US routes.  

DETAILED EVALUATION OF SELECT SECTIONS 

The pavement management system construct ion h i s t o r y  d a t a  base was 

s e a r c h e d  f o r  p a i r s  o f  s e c t i o n ?  where t h e  on ly  d i f f e r e n c e  i n  t h e  

conatruction his tory was the placement of a SAM or SAMI on one s e c t i o n  

and a conventional treatment on the  other sect ion.  Three SAMI sect ion? 

which met the c r i t e r i a  were located. The construction h is tory  of t h e s e  

s e c t i o n s  and t h e  corresponding cont ro l  sec t ion  a re  summarized i n  Table 

18. The condition of each sec t ion  was evaluated using the PAVER method 

and the pavement condition index was computed a3 shown in  Table 19 .  Due 

t o  the extreme influence tha t  r u t t i n g  can have on the PCI, the condition 

index of the  a e c t i o n  was a l s o  computed without considering r u t t i n g  as  

shown in  Table 20. 

Route U666, MP 322 and 324 

This sec t ion  allows a d i r ec t  comparison between a SAMI wi th  a 2.5 

inch asphal t  concrete surface layer t o  a conventional overlay with a 4.8 



TABLE 18 CONSTRUCTION HISTORY OF SELECTED SECTIONS 

SAM1 CONTROL 

Route MP DATE L i f t  HTL* TH HP DATE L i f t  HTL TH 

*Hater ia l  a b b r e v i a t i o n s  are g i v e n  i n  Table  9 



TABLE 19 PC1 FOR SELECT SECTIONS 

Route U666 Route U60 Route U89 

Sample 
Unit* MP322 MP324 MP337 MP332 MP 4 82 MP487 

SAM1 Control SAM1 con t ro l  SAM1 Control  

*each sample unit iz 100 feet l ong  



TABLE 20 PC1 FOR SELECT SECTIONS NOT CONSIDERING RUTTING 

Route U666 Route U60 Route U89 

Sample 
Unit* #P322 MP324 HP337 HP332 MP482 MP487 

SAHI Control SAM1 Control SAM1 Control 

* each sample unit is 100 feet long. 



inch asphal t  concrete surface thickness. One of the design concepts for  

SAMI1s i~ t h e  s t r e s p  absorb ing  c h a r a c t e r i s t i c s  of the asphalt-rubber 

a l l ows  t h e  t h i n n e r  s u r f a c e  l a y e r  p l a c e d  w i t h  t h e  SAMI t o  have  

performance equa l  t o  a t h i c k e r  aRphalt concrete overlay. Ae :!shown i n  

Tables 19 and 20, the  performance of t he  SAMI and c o n t r o l  s e c t i o n  a r e  

v i r t u a l l y  i den t i ca l .  

Route U60, MP337 and MP332 

T h i s  s e c t i o n  al lowe comparison of the performance of a  SAMI t o  a  

conventional overlay of equal thickneee. A s  shown i n  Table 13, the only 

d i f f e r e n c e  i n  t h e  con3 t ruc t ion  h i s t o r y  of t h e  SAM1 and t h e  control  

s e c t i o n ,  was t h e  placement of an a spha l t - rubbe r  membrane when t h e  

pavement waa o v e r l a i d  i n  1979. Aa shown i n  Tables  1 9  and 20, t h e  

Overall condition of the control sec t ion  is  be t te r  than the  performance 

of t he  SAMI s e c t i o n .  This is a surpr i s ing  finding. Table 20 r e f l e c t s  

the extent of cracking on the s e c t i o n s .  The c o n d i t i o n  index f o r  t h e  

Control  aec t ion  is about f i v e  points higher than the condition index of 

the SAMI s e c t i o n .  The primary d i s t r e s s  types  on both s e c t i o n s  was 

l o n g i t u d i n a l  and t r a n s v e r s e  c r a c k i n g  and a  minor amount of a l l i g a t o r  

cracking. There was a l s o  some bleeding on the SAMI sect ion.  

Care m u s t  alwaye be exercised when " a f t e r  the f  ac tw evaluations a r e  

made of pavement performance. I n  t h i s  c a s e ,  one must wonder srhy t h e  

a spha l t - rubbe r  l a y e r  was placed on one pavement sec t ion  and not on the 

adjacent sect ion.  Since these sec t ions  were not constructed ae p a r t  of 

a  r e s e a r c h  p r o j e c t ,  one may infer  t h a t  the asphalt-rubber membrane was 

placed f o r  an engineering reason. Perhaps the  sec t ion  of U60 from MP336 

t o  339 was more d i s t r e e ~ e d  t h a n  MP 326 t o  335 and t h e r e f o r e  t h e  

eng inee r s  e l e c t e d  t o  u se  a  SAMI on one s e c t i o n  and a  c o n v e n t I o n a 1  



t r e a t m e n t  on t h e  o t h e r  s e c t i o n .  The pavement management d a t a  baae  does  

no t  have d a t a  on t h e  c o n d i t i o n  of t h e  pavement?, p r i o r  t o  1979. 

Route U89, MP482 and  487 

T h i s  pavement was r e c e n t l y  o v e r l a i d  a n d  t h e r e f o r e  p r o v i d e ?  ATRC 

w i t h  t h e  o p p o r t u n i t y  t o  g tudy  t h e  complete  performance h i 3 t o r y  of a  SAMI 

a n d  c o n v e n t i o n a l  o v e r l a y .  The c o n d i t i o n  ? , u r v e y  d e m o n s t r a t e d  b o t h  

s e c t i o n s  a r e  i n  e x c e l l e n t  c o n d i t i o n .  The c o n t r o l  s e c t i o n  was d o t t e d  

w i th  s m a l l  c i r c l e 3  of a s p h a l t .  These may be  e a r l y  s i g n s  of b l e e d i n g ,  

b u t  t h e y  were t o o  minor t o  be r eco rded  a3 a d i s t r e s s  a t  t h i ?  t ime .  

SUMMARY OF FIELD PERFORMANCE OF ASPHALT-RUBBER 

The p e r f o r m a n c e  h i s t o r y  o f  t h e  highway e e c t i o n ?  cona t r .uc ted  w i t h  

a spha l t - rubbe r  c e r t a i n l y  demons t ra te  t h e  v i a b i l i t y  of  t h e  m a t e r i a l  a s  a n  

a l t e r n a t i v e  t o  c o n v e n t i o n a l  c o n 3 t r u c t i o n .  The a v e r a g e  l i f e  o f  SAME 

p l aced  on i n t e r s t a t e  highway? wa3 j u s t  ove r  5 y e a r s  b e f o r e  o v e r l a y .  S i x  

o f  t h e  e l e v e n  s t a t e  h ighway  s e c t i o n ?  w i t h  SAMs a r e  still per forming  

a f t e r  10  t o  13  y e a r s .  O t h e r  a e c t i o n s  provided  l i v e s  i n  t h e  r a n g e  of  3 

t o  1 6  y e a r s .  SAMs were p l aced  on 17 s e c t i o n 9  of US highways. US60 h a s  

s even  of t h e  s e c t  i o n s  a n d  s i x  o f  t h e  US60 s e c t i o n 3  h a v e  r e c e i v e d  a n  

a d d i t i o n a l  t r e a t m e n t  a f t e r  5 or 6 y e a r s .  

SAMI s e c t i o n s  were p l aced  a t  one l o c a t i o n  o n  I 1 7  and s i x  l o c a t i o n e  

o n  1 4 0 ;  two inche2 of t h e  a s p h a l t  c o n c r e t e  on t h r e e  of  t h e  I40 s e c t i o n s  

were removed and r e p l a c e d  w i t h  o v e r l a y s  i n  1984, when t h e  SAMIE w e r e  5 

y e a r s  o l d .  The f a i l u r e  of  t h e s e  h a s  b e e n  a t t r i b u t e d  t o  t h e  a s p h a l t  

c o n c r e t e  o v e r l a y  m a t e r i a l  r a t h e r  t h a n  the a spha l t - rubbe r  membrane. The  

o t h e r  SAMI s e c t i o n s  on  i n t e r a t a t e s  a r e  a t i l l  i n  p l a c e .  Ten of t h e  14  



SAMIs placed on a t a t e  routes a re  s t i l l  i n  serv ice  a f t e r  up t o  9 year? of 

se rv ice .  

The most ex tenc ive  use of a spha l t - rubbe r  i s  SAMIS p laced  on US 

r o u t e a ;  37 s e c t i o n s  were constructed from 1973 t o  1984. E i g h t  of the 

sec t iona  r ece ived  a  s u r f a c e  d r e s a i n g  w i t h i n  fou r  yearz of t h e  SAMI 

conatruction. Several of these sec t ions  received a  fog sea l  a t  the  time 

the SAMI was placed. One could speculate  t h a t  the  fog s e a l  provided an 

exces,s of v o l a t  i 1 e s  which could not penetrate the asphalt-rubber layer  

and therefore  created a  material  problem a t  the pavement s u r f a c e  which 

r e q u i r e d  a  s u r f a c e  d re sp ing .  I n  a  s tudy  f o r  t h e  Fede ra l  Highway 

Administration, Shuler e t  a l .  (Ref. 22)  put fo r th  a  hypothesis t h a t  when 

an asphal t - rubber  membrane is placed between a  new asphal t  concrete 

leve l  up course and a  f r i c t i o n  course,  t h e  f r i c t i o n  course  can become 

embedded i n  t h e  membrane, creat ing excess binder a t  the surface.  ADOT 

has not exper ien~ed t h i s  problem i n  the  three  layer  system. 

The t r a f f i c  data  f o r  the asphalt-rubber sec t ions  were compiled and 

the cumulative ax le  loads on the pavement s e c t i o n a  were computed both 

before and a f t e r  t he  placement of the asphalt-rubber layers .  Theae data 

were not useful i n  the analysi9 of pavement performance. I n  the fu tu re ,  

h i s t o r i c a l  t r a f f i c  d a t a  should be main ta ined  s o  mechan i s t i c  based 

performance models can be produced. 

The performance d a t a  f o r  t h e  a spha l t - rubbe r  s e c t i o n ?  were very 

in t e re s t ing .  The SAM and SAMI sect ions show very l i t t l e  c racking  a f t e r  

s e v e r a l  yea r s  of s e rv i ce .  Cracking da t a  pr ior  t o  the placement of the 

SAM o r  SAMI were only  a v a i l a b l e  f o r  a  few , s ec t ions .  However, t h e  

a v a i l a b l e  d a t a  i n d i c a t e  t h e  a spha l t - rubbe r  l a y e r s  a r e  e f f e c t i v e  i n  

preventing r e f l ec t ion  cracking. The roughnezs data  f o r  the SAM sec t ions  



where r e l i a b l e  equations could be establiehed showed an annual change In 

roughneso of 12 .5 ,  12.7, and 14.3 inchez per mile for  i n t e rp t a t e ,  e t a t e ,  

and US r o u t e s .  The corresponding data fo r  SAMI sectione was 8.9, 7.0, 

and 12.2 .  The a c t u a l  performance of the  aophal t -rubber  s e c t i o n e  i s  

probably b e t t e r  than  t h e s e  va lues  i n d i c a t e  s i n c e  these numbers were 

derived from a subset of the data where there was a  posi t ive cor re la t ion  

between age and roughness .  The balance of the sect ions,  the r a t e  of 

change of roughness was too small t o  be detected within the meaeurement 

e r ro r  of the Maysmeter. 

The comparison of SAM1 sect ions w i t h  " c o n t r o l "  sec t ion :  s e l e c t e d  

f rom t h e  pavement management sys t em d a t a  base d i d  no t  show any 

s ign i f i can t  difference i n  the performance of the sect ions.  The maximum 

d i f f e r e n c e  i n  the pavement condition index betveen the control and SAMI 

sect ions wa3 5.4. 



CHAPTER I V  PERFORMANCE OF CONVENTIONAL PAVEMENT TREATMENTS 

The a b i l i t y  of asphalt-rubber t o  provide a durable pavement 3urface 

waa demonstrated i n  t h e  previous  c h a p t e r .  However, cornpariron? of 

asphalt-rubber with conventional treatment: f a i l e d  t o  provide ? uper i or  

performance of the asphalt-rubber. In t h i s  chapter,  the performance of 

conventional s ea l  coats  and asphalt-concrete overlays i s  analyzed us ing  

the data i n  the ADOT pavement management system data base. 

The pavement management data base was queried t o  generate s i x  f i l e s  

f o r  t h e  performance of s e a l  coat?, and o v e r l a y s  on i n t e r e t a t e ,  U.S. 

highway, and s t a t e  r o u t e s .  These f i l e s  were l i m i t e d  t o  p r o j e c t s  

performed between 1979 t o  1982, except f o r  zeal  coat? on in te rPta tee .  

The PMS d a t a  base o n l y  c o n t a i n s  two a e c t i o n a  where s e a l  c o a t s  were 

placed on in t e r s t a t e s .  The characterietic:  of the section5 a r e  given in  

Tables 21 t o  26. 

PERFORMANCE OF SEAL COATS 

The performance of t h e  s e c t i o n s  w i t h  r e s p e c t  t o  rmoughne?s and 

c rack ing  which r ece ived  s e a l  coa ts  a r e  given i n  Table3 27 t o  32. The 

two i n t e r s t a t e  a e c t i o n a  a r e  both on I 8  MP 1 5 4 ,  one s e c t i o n  i n  each 

d i r e c t i o n .  The roughness of t h e s e  s e c t i o n s  was very low i n  1972 and 

t h e r e  has been a c o n s i s t e n t  I n c r e a s e  over  t h e  1 4  year o b s e r v a t i o n  

p e r i o d .  R e g r e s s i o n  a n a l y s i s  of t h e s e  d a t a  ahows t h e  roughnesc 

increasing a t  a r a t e  of 7.9 inches per mile per year. 

Both the i n t e r s t a t e  section?, have developed cracking. Between 1983 

and 1984, the e a s t  bound ~ e c t i o n  shows a considerable  r e d u c t i o n  i n  t h e  

leve l  of cracking, which i s  unexplained by information in  the data  base. 



TABLE 21 CHARACTERISTICS OF INTERSTATE SECTIONS WITH SEAL COATS 

R O U T E  HILEPOST ADT ADL 6F M I N T  PROJECT Y E A R  L IFT  THICK 
8E6 END.  COST MESS 

ARTNOD8HP EHP ADT ADL 6F M I N T  PROJECT Y R  L l  T I  
1 8 E 152 154 5211 835 2 . 4  1295 I 8- 2-905 69 SC 0 . 3  
1 8 W 152 154 5211 835 2 . 4  1182 I 8- 2-905 69 SC 0.3 



TABLE 22 CHARACTERISTICS OF INTERSTATE SECTIONS WITH OVERLAY 

ROUTE MILEPOST 
BEG END 

1 8 E 136 136 
I 8 W 136 136 
I 10 E 14 15 
I 10 E 277 281 
I 10 E 302 303 
I 10 E 321 321 
I 10 H 14 15 
I 10 W 302 303 
1 1 0  W 329 331 
I 17 N 263 269 
I 17 S 225 230 
I 17 S 264 269 
I 19 N 23 24 
I 40 E 49 49 
1 40 E 53 53 
I 40 E 145 146 
I 40 E 259 268 
I 40 E 269 283 
I 40 W 49 49 
I 40 W 53 53 
I 4 0  W 145 146 
I 4 0  W 251 251 
I 40 U 269 283 

CIDT - ADL 6F HAINT PROJECT YEAR LIFT THICK LIFT 
COST 1 NESS 2 

6770 1164 4.1  0 I R  8- 2- 79 81 A& 4 . 0  FC 
6770 1164 4 . 1  0 I R  0- 2- 79 81 AC 2 . 0  FC 

1 6 4 4 7 2 0 9 2  5 . 0  2614 F I 1 0 - 1 - 5 4  79 AC 1 .3  FC 
16977 1669 1.4  717 I 10- 5- 40 79 AC 3 . 0  FC 
14384 1478 1.7 1031 IR  10- 5- 52 79 AC 2 . 0  FC 
11049 1382 1 . 8  439 1 1 0 -  6 - 7 7  79 AC 2 . 0  FC 
16447 2092 5 .0  742 '  F I  10- 1- 54 79 AC 1 .3  FC 
14384 1478 1.7 740 I R  10- 9- 52 79 AC 2 . 0  FC 
11744 1472 2 . 3  1516 1 1 0 - 6 - 7 7  79 fiC 2 .0  FC 
15470 1099 5.4  394 I R I  17- 2- 68 80 A C  3 . 0  FC 
20382 673 3 . 8  2140 I 17- 1-136 81 AC 3 . 3  FC 
15469 I 0 9 8  5 .4  333 I R I  17- 2- 68 80 AC 4 . 5  FC 

6904 254 3 . 1  471 I 19- 1- 29 79 AC 6 . 0  FC 
6954 205 4.4  266 I 40- 1- 33 80 flC 8 .0  FC 

13578 406 7.4  408 I 40- 1- 33 80 AC 4.3 FC 
7366 870 3.9  276 I 40- 2- 38 79 AC 9.5 FC 

12027 1466 4.2  2831 I R I  40- 4-103 79 AC 6 . 0  . FC 
11880 1446 4 . 0  1894 F I I  40- 4- 79 81 AC 5.0 FC 

6954 205 4 . 4  58 1 4 0 - 1 - 3 3  80 AC 8 .0  FC 
13578 406 7.4  74 I 40- 1- 33 00 A C  4.3 FC 

7366 a70 3 . 9  634 I 40- 2- 38 79 AC 9.5 FC 
10956 1099 4 . 1  34 1 40- 4- 62 79 AC 9.5 FC 
11880 1446 4 . 0  3600 F I I  40- 4- 79 8 1  A C  5 . 0  FC 

THICK 
NESS 

0 . 5  
0 . 5  
0 .5  
0 .5  
0 .5  
0.5 
0.5 
0 . 5  
0 . 5  
0.5 
0 .5  
0 . 5  
0 . 5  
0.5 
0 . 5  
0.5 
0 . 5  
0.5 
0 .  S 
0.5 
0 . 5  
0.5 
0 . 5  



T A B L E  23  C H A R A C T E R I S T I C S  OF S T A T E  HIGHWAY S E C T I O N S  W I T H  S E A L  COATS 

ROUTE RILEPOST fiDT ADL 6F HAINT 
BE6 END COST 

S 61 N353 356 2435 135 5.3 142 
S 67 5580 584 1062 16 2.6 1758 
S 67 S585 610 1062 16 2.6 698 
S 72 E 14 17 1179 46 2.9 1246 
S 7 2 E 1 9  27 1179 46 2.9 275 
S 72 E 36 49 879 54 0.6 222 
S 77 N396 401 889 25 1.9 478 
S 77 N402 408 889 25 1.9 1007 
S 85 6 33 36 70h 15 0.7 733 
S 8 5 s  37  41 4305 90 2.1 538 
S 92 €326 335 3928 83 3.2 710 
S 95 N149 151 5950 198 2.7 778 
S 99 N 62 71 351 23 -0.2 2632 
SIB8 W259 267 731 16 4.5 3703 
Sl88 W270 272 768 17 4.9 5679 
5277 H306 321 1412 125 2.3 1398 
S389 N 17 20 886 SO 2.2 531 
S389 H 21 29 886 30 2.2 2296 
S389 N 30 32 88b 30 2.2 2552 
S473 S 1 9 177 5 4.8 3633 

PROJECT YEAR LIFT T H I C K  
NESS 

0.3 
0.3 
0 .3  
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3. 
0.3 
0.3 
0.3 
0.3 
0.3 

80.3 
11. 3 
0.3 
0.3 
0 , s  



TABLE 24 CHARACTERISTICS OF THE STATE HIGHWAY ROUTES WITH OVERLAY 

ROUTE MILEPOST 
BE6 END 

S 8BE 1 3 
S 40BE274 275 
S 61 N372 381 
S 64 E271 276 
S 71 N103 199 
S 77 N361 363 
S 82 E 15 18 
S 85 N189 189 
S 85 N190 190 
S 86 El67 169 
S 8 7 N 1 3 5  145 
S 87 N231 240 
S 87 N241 246 
S 87 5172 172 
S 88 E l99  199 
S 90 E322 324 
S260 E378 385 
S260 W340 340 
S277 N336 336 
S279 N288 299 
S287 N120 121 
S287 N122 122 
5377 N 1 6 
S 3 7 7 N  7 13 
S377 N 14 33 

ADT ADL 6F HAINT 
COST 

17875 575 0 . 9  39 
627 4 27.2 52 

1918 105 3 . 1  1120 
2564 14 4.1  550 

756 12 3 . 2  430 
4897 267 1.4 l i b  

731 18 4 . 7  99 
34534 2109 3.7 14975 
34534 2105 3.7 16785 
20167 397 5 .2  1647 

3115 33 1 .5  957 
4870 107 3 . 4  2904 
6781 149 4 .2  1454 

35920 385 5 . 0  49 
6527 145 7 .3  3050 
6734 145 6.5 366 
1515 41  4 . 3  65 
4383 212 4.4 194 
2559 265 3 . 0  491 
3984 131 3.5  149 
3099 167 3 . 2  0 
3099 167 3 . 2  B9 

790 38 3.5 90 
790 38 3 .5  212 
790 38 3 . 5  61 

PROJECT YEAR L IFT  THICK L IFT  THICK 
1 NESS 2 NESS 

H950- 2-502 79 AC 6 . 0 F C  0 .5  
1-40- 4- 49 80 AC 1.5 FC 0 . 5  
F074- 1-501 81 AC 2 . 0 S C  0 . 3  
F033- 1-505 79 AC 3 .0  0 .0  
F07O- 1-5G2 79 AC 1.5 SC 0 .3  
F027- 1-507 89 AC 2.0 SC 0.3 
5275- -503 81 AC 2 .0  SC 0 .3  
H504- 3-503 79 AC 3 . 0  FC 0.5 
H501- 3-503 79 AC 2 . 5 F C  0 . 5  
F056- 1- 1 79 AC 7 . 0  FC 0.5 
FO21- 1-503 79 AC 2.0 FC 0 . 5  
F953- 1-509 79 AC l . 5 F C  0 . 5  
F053- 1-930 79 AC 1.5 FC 0 .5  
F028- 1- 6 79 AC 11.0 FC 0.5 
S214- -508 79 AC 5 . 5 F L  0 . 0  
FO13- 1-503 79 AC 1.5 FC 0.5  
F044- 1-506 79 AC 1 .3  SC 0 .3  
F026- 1-510 79 AC 9 .0  FC 0.5 
S428- -502 79 AC 8.5 SC . 0 .3  

*RS326- - b 80 AC 3 .0  FC (1.5 
RS251- - 4 79 4C 6 . 5 F C  0 .5  
RS251- - 4 79 AC 7 , O F C  0 . 5  

F069- 1-503 81 AC 3.0 SC 0.3  
F069- 1-502 80 AC 1.5 SC 0 . 3  
F069- 1-501 80 AC 3 . 0 S C  9 .3  



TABLE 25 CHARACTERISTICS OF US H I G H W A Y  S E C T I O N S  WITH SEAL COATS 

ROUTE HILEPOST I D T  ADL 6F HAINT 
BE6 END COST 

U 7 0 E 3 0 7 3 1 3  2300 83 1 . 5  111 
U 80 E 353 356 4078 219 2.7 253 
U 0 V N 2 9 6 2 9 8  1414 23 4.9  21 
U 89 N 299 302 1414 23 4.9  22 
U 89 N 440 442 8007 376 3 .9  791 
U 89 N 443 449 8007 376 3 .9  963 
U 89AN 569 571 1470 45 4.0 696 
U 93 M 75 78 1257 50 6 . 6  4 8  
U 9 5 H  79 87 1257 SO 6.6 62 
U 95 N 88 103 1490 59 7.0 142 
U l 8 0 E 3 4 8 3 5 3  496 27 1.1 2174 
I l l 0 0  E 424 426 1408 29 2.5 929 
uleo E 427 429 783 i h  0 . 6  1616 
U666 E 80 92 1369 69 2.4 607 
Ubbb E 93 98 1524 77 2.5 660 
Ubb6 E 109 11 1 1841 92 1.6 549 
Ubbb E 345 352 537 30 4.5 0 
Ubbb E 353 356 537 30 4.5 500 
U666 E 357 367 537 30 4.5 0 

PROJECT YEBR L I F T  T H I C K  
NESS 

0 .  3 
0.3 
0 . 3  
11. 3 
0. 3 
rr. 3 
0.3 
0.3 
0 , 3 
0.3 
9.3 
0.3 
0.  3 
0. 3 
0.3 
0.3 
0.3 
0 .3  
0.3 



TABLE 26 CHARACTERISTICS OF U.S. HIGHWAY ROUTES WITH OVERLAY 

ROUTE HILEPOST 
BE6 END 

U 60 E 152 152 
U 60 E 276 286 
U 60 E 310 315 
U 60 E 316 331 
U 60 E 332 335 
U 60 E 340 341 
U 60 W 152 152 
U 70 E 288 292 
U 70 E 339 340 
U 89 N 70 70 
U 89 N 75 79 
U 8 9  N 93 111 
11 89 N 346 353 
U 09 H 525 525 
U 89 N 526 526 
U 89 N 525 531 
U 89 S 70 70 
U 8 9 S  75 79 
U 89AN S80 593 
U -89fiN 594 599 
U 89AN 600 613 
U 93 S 100 111 
UlbO E 373 382 
U163 N 395 395 
U191 N 44 51 
U191 N 104 108 
Ubbb E 30 38 
Ubbb E 196 204 
U666 E 205 220 
U666 W 157 158 
U666 i d  159 159 
U666 W 160 160 

ADT ADL 6F M I N T  
COST 

21347 558 1.1 2272 
3266 149 6.1 240 
3415 156 6.7 1862 
2312 103 1.5 1681 
203b 90 0 .2  228 

17306 786 4.0 3144 
21347 558 1.1 2052 

2364 86 1.8 707 
9790 352 -0.1 1355 

39243 1223 3.2 60 
28364 885 3.3 2218 

1777 56 4.7 547 
1203 66 3 .3  2206 
2575 120 4.7 1752 
2575 120 4.7 2102 
2575 120 4.7 1752 

39243 1223 3.2 0 
28364 885 3.3 0 

1359 46 0.4 3287 
1359 46 0.4 167 
2197 76 1.5 209 
3159 81 2.8 697 
3303 117 1.6 1516 
9006 171 5.8 1206 
1232 57 2.8 713 
795 37 3.1 2325 

1277 66 2.4 37 
324 16 4.3 71 
141 7 5 . 6  6 

2501 124 -0.1 185 
2501 124 -0.1 225 
2501 124 -0.1 2764 

PROJECT YEAR LIFT THICK LIFT 
1 NESS 2 

F022- 2- 15 81 AC 10.0 FC 
F026- 1-514 81 AC 2.0 SC 
F026- 1-515 81 AC 1.5 SC 
F026- 1-513 79 AC 1.5 FC 

DP-F026- 1- 17 79 AC 1.5 FC 
F026- 1-510 79 AC 9.0 FC 
F022- 2- 15 81 hC 10.0 FC 
F022- 4-514 79 AC 3.0 FC 
F022- 4-935 79 AC 1.0 
F031- 1- 12 79 R C  8.0 FC 
FOSl- 1- 11 79 AC 6.0 FC 
FO81- 1-501 79 tlC 1.5 FC 
F025- 2-507 79 A C  1.5 FC 
F041- 1-503 80 A C  1.5 SC 
F041- 1-503 80 A C  3.0 SC 
F041-1-503 00 AC 1.5 S C  
F O 3 1 - 1 - 1 2  79 AC 8 . 0  FC 
FO31- 1- 11 79 A C  6.0 FC 
FO37- 3-503 80 AC 1 .5 SC 
F037- 3-506, 80 A C  3 . 0 -  
F037- 3-504 80 A C  3.0 
F035- 1-507 80 A C  2.0 FC 
F064- 1-501 79 AC 1.5 FC 
F083- 1-501 81 AC 1.5 FC 
F077- 1-501 79 AC 1.5 FC 
F077- 1-503 79 AC 2.0 SC 
5206- -506 79 OC 3.0 SC 
F051- 2-507 80 AC 1.5 SC 
FOS1- 2-506 79 AC 1.5 SC 
FO51- 2- 3 80 AC 9.0 FC 
F 0 5 1 - 2 -  3 80 AC 7.0 FC 
FOSI- 2- 3 80 AC 8.5 FC 

THICK 
NESS 

0 .5  
0 .3  
0.3 
0.5 
0 .5  
0.5 
0 .5  
0.5 
9 . 0  
0 .5  
0 .5  
0.5 
0 .8  
0 .3  
0.3 
0.3 
0 .5  
0.5 
0 . 5  



TABLE 27 ROUGHNESS O F  INTERSTATE S E C T I O N S  WITH S E A L  COATS 

ROUTE H 1 LEPOST ROUGHNESS 
BE6 E N D  72 73 7 4  75 76 77 78 79 80 81 82 83 84 85 86 

I 8 E  152 154 15 26 29 38 30 20 67 40 76 02 77 104 118 139 :25 
I 8 W 152 154 15 2 4  34 32  26  10 47 42  58 40 57 78 98 95 144 

TABLE 28 CRACKING O F  INTERSTATE S E C T I O N S  WITH S E A L  COATS 

ROUTE RILEPOST CRACKING 
BE6 END 79 00 8 1  82 83 84 85 $6 

I 8 E 152  I54  ' 0  4 4 9 14 6 6 12 
I E Y 1 5 2 1 5 4  0 0  1 1  3 f 2 





TABLE 31 ROUGHNESS OF US HIGHWAY S E C T I O N S  WITH S E A L  COATS 

ROUTE HILEPOST ROUGHNESS 
BE6 END 72 73 74 75 76 77 78 79 80 81 82 83 84 85 B6 

U 70 E 307 313 128 135 130 125 147 171 94 88 8E 83 95 119 106 133 122 
U 80 E 353 356 112 118 127 130 159 150 60 57 60 93 66 99 68 113 90 
U 89 N 296 298 311 346 268 313 275 133 143 166 152 187 171 181 173 193 193 
U 89 N 299 302 300 362 237 271 250 158 158 182 167 203 183 200 182 196 206 
U 89 N 440 442 144 173 210 60 71 59 79 80 104 100 01 119 104 135 167 
U 09 N 443 449 121 173 157 110 118 109 118 111 108 90 80 121 103 135 150 
U 8 9 M  569 571 248 277 192 218 215 208 221 94 115 95 100 122 115.125 164 
U 95 N 75 78 60 74 55 66 60 56 106 108 116 130 103 157 156 193 200 
U 95 N 79 87 73 76 79 88 90 00 134 153 139 178 145 192 191 200 209 
U 95 N 88 103 238 243 267 271 244 206 254 277 241 267 230 269 273 264 2'59 
U180E  348 353 0 55 61 67 93 140 98 107 127 151 126 151 151 152 123 
UlBO E 424 426 0 0 85 77 100 136 117 122 101 99 118 141 126 148 142 
U180 E 427 429 0 9 1  95 90 108 148 130 127 120 110 121 151 138 163 158 
U666 E 88 92 159 172 155 185 222 174 151.119 149 160 159 172 171 173 167 
U66b E 93 98 201 208 193 212 193 239 222 143 148 139 166 178 176 I 6 7  166 
Ubbb E 109 111 153 162 151 156 180 129 137 125 135 115 140 154 152 135 142 
Ub66 E 345 352 0 224 258 246 262 321 293 143 150 162 159 157 171 161 145 
U6b6 E 353 356 0 213 231 241 280 330 350 160 170 180 176 176 194 104 176 
Ubbb E 357 367 0 181 194 194 231 285 201 128 129 150 141 152 158 154 146 

TABLE 32 CRACKING OF US HIGHWAY S E C T I O N S  WITH S E A L  COATS 

ROUTE HILEPOST CRCICK IN6 
BEG END 79 80 81 82 83 84 85 86 

U 7 0 E 3 0 7 3 1 3  0 1 1 1 1 1 1 2 
U 8 0 E 3 5 3 3 5 6  0 0 0 0 0 0 0 0 
U 8 9 N 2 9 6 2 9 8  O 0 0 0 0 1 0  0 
U B 9 N 2 9 9 3 0 2  0 0 0 0 0 0 0 0 
U 8 9 N 4 4 0 4 4 2  0 2 3 3 4 4 6 5 
U 8 9 N 4 4 3 4 4 9  0 0 1 1 1 2 4 6 
U 89aN 569 571 . 0 0 0 2 2 2 2 8 
U 9 5 N  75 78 0 7 b b 9 9 1 0 1 1  
U 9 5 N  79 87 0 b 6 7 1 5 1 6 1 7 1 f l  
U 95 N 88 103 0 1 2 5 13 14 1s 19 
U l 8 O E  3 4 8 3 5 3  0 2 1 0 O 0 1 0 
Ul8O E 424 426 0 0 0 0 0 0 1 2 
U l 8 O E  127 429 0 1 1 1 t 2 3 3 
Ub66E  80 92 0 O 0 1 1 1 1 2 
U b b b E  93 98 0 0 0 1 1  2 2 4 
U 6 6 6 E 1 0 9 i l l  0 0 0 0 0 0 0 1 
U666 E 345 352 0 0 0 0 0 0 0 0 
Ub66 E 353 356 0 0 0 0 0 0 0 O 
U666 E 357 367 0 0 0 0 0 0 0 0 



The west bound sect ion had a low leve l  of c r ack ing  from 1981 t o  1985,  

but the 1986 data shows a s ign i f icant  increase in  cracking. 

S t a t e  Highway Sections with Seal Coats 

The cracking and roughness data fo r  the s t a t e  highway sect ions with 

.seal coats a r e  given i n  Tables 29 and 30. Review of the roughness da t a  

shows t h e r e  i s  g e n e r a l l y  l i t t l e  i f  any reduction in  roughness i n  the 

year fo l lowing  t h e  s e a l  coa t  a s  shou ld  be e x p e c t e d .  R e g r e s s i o n  

equa t ions  of roughness versus time a f t e r  the overlay a r e  given in  Table 

33. Only four of these equations have an R 2  g rea te r  than  0.70 and the  

r e g r e s s i o n  c o e f f i c i e n t  f o r  t h e s e  s e c t i o n s  in  the range of 6.1 t o  9.6 

which represents the change i n  roughness per year .  The range of the  

change In  roughness f o r  a l l  aect ions was 1 .1 t o  9.6. One sec t  ion had a 

negative coef f ic ien t ,  but t h i s  r e su l t  is not meaningful a s  i nd ica t ed  by 

t h e  very low R 2 .  Over a l l  the r a t e  of change in  roughness of the seal  

coat on s t a t e  highway s e c t i o n s  13 s l i g h t l y  lower than  t h e  change i n  

roughness on the SAM sect ions on s t a t e  routes. 

Table 30 shows s e v e r a l  s t a t e  highway s e c t i o n s  have d e v e l o p e d  

s i g n i f i c a n t  amounts of cracking.  Only one sect ion is without cracks. 

The m a j o r i t y  of t h e  s e c t i o n s  have l e s s  than  10% c r a c k i n g .  T h r e e  

s e c t i o n s  have more than  20 percent  cracking.  The sea l  coat does not 

appear t o  be e f f e c t i v e  i n  prevent ing  c racks .  Severa l  s e c t i o n s  with 

c r ack ing  p r i o r  t o  t h e  s e a l  coa t ,  developed re f lec t ion  cracking within 

one o r  two years a f t e r  the sea l  coat w a s  



TABLE 33 ROUGHNESS EQUATIONS FOR STATE HIGHWAY SECTIONS WITH SEAL COATS 

ROUTE HILEPOST 
BE6 END 

S 6 1  N 353 356 
S 67 S 580 584 
S 67 S 585 610 
S 72 E 14 17 
S 72 E 19 27 
S '72 E 36 49 
S 77 N 396 401 
S 77 N 402 408 
S 05 S 33 36 
S 85 S 37 41 
S 92 E 326 335 
S 95 N 149 151 
S 99 N 62 71 
SIB8 U 259 267 
Sl88 W 270 271 
S277 N 306 321 
S309 N 17 20 
S389 N 21 29 
S389 N 30 32 
S473 S ' l 9 

Cl S e Y  R2 n DOF Se 



U .S. Highway Sections with Seal Coats 

The roughness and cracking data fo r  the U.S. Highway sect ions with 

seal  coats a r e  given i n  Tables 31 and 32. A s  shown i n  Table 31 , t h e r e  

is  not  a n o t i c e a b l e  and c o n s i s t e n t  t r end  f o r  the placement of a sea l  

coa t  t o  reduce roughness.  Regression equa t ions  f o r  t h e  change i n  

roughness with time a r e  given i n  Table 34. Only three sect ions have an 

R 2  greater  than 0.7. The roughness on these sect ions changes a t  a r a t e  

of 6 t o  13 inches  per m i l e  per  year. The r a t e  of change i n  roughness 

for  the US Highway routes with s ea l  coats is considerably l e s s  than f o r  

t h e  SAM s e c t  ions  on U .S. Highway. Several of the SAM sect ions on U .S. 

Routes had changes i n  roughness i n  excezs of 15 inches  per  mi le  per 

year. 

A s  shown in  Table 32, three of the U .S. Highway r o u t e s  with s e a l  

c o a t s  have developed more than 10% cracking. Seven of the 18 sections 

have not developed any cracking. Overall, t he  performance of t he  s e a l  

c o a t s  on U .S. Highway sect ions is comparable t o  the performance of the 

SAM s e c t i o n s  w i t h  r e s p e c t  t o  c racking .  Th i s  c o n c l u s i o n  d o e s  n o t  

cons ider  t h e  i n i t i a l  condition of the pavement s ince the data were not 

avai lable .  

PERFORMANCE OF OVERLAYS 

The cracking  d a t a ,  roughness  d a t a  a n d  r o u g h n e s s  r e g r e s s  i on 

equat ion?  a r e  presented  i n  Tables  35 through 43 f o r  the thru  highway 

types. The charac te r i s t ics  of the  projects with o v e r l a y s  a r e  given i n  

Tables  2 2 ,  24, and 26. The thicknesses of the overlays range from 



TABLE 3 4  REGRESSION EQUATIONS FOR US HIGHWAY S E C T I O N S  WITH SEAL COATS 

ROUTE HILEPOST 
BE6 E N D  

U 70  E 307 313 
U 80 E 353 356 
U 8 9  N 296 298 
U 89  N 299 302 
U 89  N 440 442 
U 89  N 443 419 
U 89AN 5 6 9  571 
U 95 N 75 78 
U 9 5  N 79 87 
U 95 N 88 103 
U100 E 348 353 
U18O E 424  426 
Ul0O E 4 2 7  429 
Ubbb E 88 92 
Ubbb E 93  98 
Ub66 E 109 111 
Ub66 E 345 352 
U6b6 € 353 356 
U666 E 357 367 

n DOF Se 



TABLE 35 CRACKING OF INTERSTATE SECTIONS WITH OVERLAY 

ROUTE HILEPOST CRACK IN6 
BE6 END 79 80 81 82 03 84 85 86 

I 8 E 1 3 6 1 3 6 2 0 1 5 1 5  0  0  0  0  0  
1 8 W 1 3 6 1 3 6 1 2 2 0 2 5  0 0  2  4  5 
1 1 0 E 1 4  15 0  0 0 0  0  0 0  0  
1 1 0 E 2 7 7 2 8 1  0  0  0  0 0  0  0 0 
t l O E 3 0 2 3 0 3  0  0 0  0  0  0  4 4  
I 10 E321 321 0  0 0  0  0 0 0  4 
I l O W 1 4  IS 0  0 0  0 0 0  0 0  
I 10 W302 303 0 0  0  0 0 0  1  4 
I 10 W329 331 0  0  0 0  0 0 0  0 
1 17 N263 269 0 0  0  O 0  0  0  0 
1 1 7 5 2 2 5 2 3 0  b 2 0  0 0 0  0 0  
1 1 7 5 2 6 4 2 6 9  0 0  0  0 0  0  0  I 
1 1 9 N 2 3  24 0 0  0 0  0 2 2  3  
1 4 Q E 4 9  4 9  0  0  0 0 0  O Q 0 
1 4 O E 5 3  53 0  0 0  0  0 0  0  0  
I 40 E145 146 0  0 0 0  0 0 0 0  
1  40 E259 268 0  0  0  0  0  0  0  2 
1 40 E 2 6 9  283 0 20 10 0 0  0 0  0 
1 4 0 U 4 9  49 0  0 0 0  0  0 0  0  
1 4 O W 5 3  53 0  0 0  0 0  0  0  1  
I 40 W145 146 0 0 0 0  0  0  0  0 
1 4 O W 2 5 1 2 S l  0 0  0 0  0  0  0 0 
I 40 W269 283 0  10 7 0  0 0 0 0 



TABLE 36 ROUGHNESS OF INTERSTATE S E C T I O N S  WITH OVERLAY 

ROUTE HILEPDST ROUGHNESS 
BE6 END 72 73 74 75 76 77 78 79 80 01 82 83 84 85 86 

I 8 El36 136 42 66 75 86 112 100 147 119 131 148 37 71 82 117 lib 
I 8 Hi36 136 47 72 64 84 95 84 125 98 148 157 47 67 72 56 112 
I 1 0  E 14 15 23 35 40 48 53 102 69 84 68 118 98 120 146 163 140 
I 1 0  €277 281 96 151 76 81 95 107 115 77 90 84 85 91 98 102 109 
I 10 E302 303 48 73 65 74 90 96 112 115 109 114 120 130 122 142 141 
I 1 0  €321 321 71 94 1 1 1  123 117 130 138 60 85 88 77 97 93 127 116 
1 1 0  W 14 15 40 b8 68 01 92 96 136 198 68 104 74 98 94 123 107 
I 10 W302 303 04 63 51 70 86 105 116 127 106 118 132 130 121 148 158 
I 10 Y329 331 87 77 68 79 99 84 93 47 76 86 79 08 81 97 120 
I 17 N263 269 100 131 138 135 157 139 140 156 71 121 97 106 104 120 134 
1 1 7  5225 230 32 46 56 69 84 130 87 117 127 87 83 110 99 100 153 
I 17 5264 269 71 86 91 99 120 162 149 144 97 I08 95 122 104 126 130 
I 1 9 N 2 3  24 0 0 0 0 O 0 0 0 5 2  64 76 8 2 8 3 8 8 1 1 4  
1 40 E 49 49 0 0 0 O O 0 0 0 37 61 75 67 60 101 125 
I 4 0  E 53 53 0 58 97 23 0 66 100 157 82 67 92 126 119 165 143 
I 40 El45 146 0 0 0 0 0 0 0 44 84 96 82 91 77 124 104 
I 40 €259 268 28 57 70 101 139 168 172 122 66 98 93 104 105 145 158 
I 40 E269 283 84 139 125 143 158 183 204 222 211 227 91 108 112 148 157 
1 4 0 W 4 9  49 0 0 0 0 0 0 0 0 5 2 1 1 2 7 0 7 1  76102117 
1 40 W 53 53 0 78 57 78 0 38 113 73 69 120 92 227 90 129 129 
I 40 X14S 146 0 0 0 0 0 0 0 47 80 108 90 102 94 104 135 
140W251 251 0 0 0 0 0 .  0 0 0 51 83 68 81 85 11% 121 
1 4 0  Y269 283 85 131 135 134 159 175 213 224 224 234 93 110 125 151 



TABLE 37 ROUGHNESS EQUATIONS FOR INTERSTATE SECTIONS WITH OVERLAY 

ROUTE RILEPOST Co 
BE6 END 

ARTNODHP SUBP 23.40 
1 8 E l 3 6  136 35 .10  
I 8 W136 136 71.29 
I 10 E 14 15 79.00 
I 10 €277 281 103.43 
I 10 E302 303 70.86 
I 10 €321 321 70.43 
I 10 W 14 15 101.14 
I 10 W302 303 67.29 
I 10 W329 331 100.47 
1 17 N263 269 70.00 
I 17 5225 230 95.67 
1 17 S264 269 45.43 
I 19 N 23 2 4  42.40 
I 4 0  E 49 49 59.47 
I 40 E 5 3  53 78.14 
I 40 E l 4 5  146 55.29 
1 4 0  E259 268 71.80 
I 40 €269 283 70.73 
I 40 W 49 49 129.27 
I 40 W 53 53 70.86 
1 4 0  H I 4 5  146 44.29 
I 40 If251 251 78.50 

n DOFSe Coaf 



T A B L E  38 C R A C K I N G  OF S T A T E  HIGHWAY ROUTES W I T H  OVERLAY 

ROUTE HILEPDST C R A C K I N G  
BE6 END 79 80 81 02 83 04 85 86 

8 8 E l  3 O O O O O O O O  
5 40BE274 275 0 24 0 0 0 0 0 0 
S 6 1 N 3 7 2  3 8 1 1 4 1 8  0 0 0 0 0 0 
S 6 4  E27I 276 0 O 0 0 0 0 2 2 
S 7 1 N L 0 3  109 0 0 0 0 0 0 O 0 
S 7 7 N 3 6 1  363 0 1 1 0  0 0 1 1  
S 8 2 E i S  18 0 2 3  5 0 0 0 0 0 
S 8 5 N 1 8 9  169 0 0 0 0 0 0 0 0 
S 85 N190 190 0 0 0 0 1 0 0 0 
5 8 6 E 1 6 7  $69 0 O 0 0 0 0 0 0 
S 8 7 N 1 3 5  145 3 6 2 2 3 3 0 0 
S 87 N231 240 0 0 0 0 0 0 0 1 
S 8 7 N 2 4 1  24b 0 0 . 1  1 1 t 2 2 
S 8 7 S I 7 2  172 0 0 0 0 0 0 0 0 
S 8 8 E 1 9 9  199 0 0 0 0 0 0 0 0 
S 90 €322 324 0 0 0 O 0 0 0 1 
5260 €378 305 0 0 0 0 0 1 I 1 
5260 W340 340 0 0 0 0 10 B O 1 2  
5277 N336 336 0 0 0 0 0 0 0 1 
S279 N288 299 3 O 0 0 0 0 0 0 
S207N120 121 0 0 0 0 0 0 0 0 
S2B7 N122 122 0 0 O 0 0 0 0 0 
S 3 7 7 N 1  b O 3 O O O O O O  
S377N 7 13 0 0 0 1 1  0 0 1 
S 3 7 7 N 1 4  33 0 0 0 0 0 0 0 0 



TABLE 39 R O U G H N E S S  OF STATE HIGHWAY R O U T E S  WITH O V E R L A Y  

ROUTE HlLEPOST ROUGHNESS 
BE6 END 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 

S 8BE 1 3 0 0 93 9 2 1 3 8 1 5 5 2 0 6 1 4 3 1 0 3 1 0 8 1 1 0 1 2 8 1 0 8 1 3 3 1 4 3  
S 40BE274 275 6 184 206 0 223 230 110 286 0 24 195 186 183 227 234 
S 61 N372 381 0 229 242 244 265 304 288 318 340 115 108 134 134 136 128 
S 64 €271 276 264 290 352 300 306 308 316 147 I 6 2  185 174 189 190 173 210 
S 71 N103 109 179 182 220 234 226 204 240 107 112 123 115 144 149 136 141 
S 77 M361 363 241 274 293 254 284 328 339 358 151 156 145 158 156 155 143 
S 82 E 15 18 140 140 153 176 184 170 179 0 228 240 135 152 151 141 155 
S 85 N189 189 135 159 179 198 199 173 231,145 141 159 158 182 187 226 189 
S 85 N190 190 0 0 203 226 230 218 288 148 151 174 195 196 223 203 240 
S 86 E l67  169 94 78 78 95 116 130 * .  0 63 0 73 99 97 123 115 
S 87 N135 145 0 213 227 190 221 204 233 104 SO 87 84 103 108 l i b  100 
S 07 N231 240 202 230 223 208 206 229 236 250 65 92 99 122 120 140 120 
S 87 N241 246 194 217 90 ' 64 98 93 96 97 102 140 118 141 132 152 133 
S 87 S172 172 0 159 142 252 137 122 220 0 0 0 243 0 0 235 257 
S 88 E l99  199 286 283 340 355 295 338 326 146 142 161 152 171 182 151 173 
S 90 E322 324 75 79 81 68 94 89 87 93 49 76 64 69 73 75 72 
S26O E378 385 209 339 271 268 296 316 308 83 79 109 111 135 112 143 125 
S2bO W340 340 0 0 0 0 177 409 400 0 100 89 14 17 252 320 244 
5277 N336 336 307 436 471 385 418 466 510 190 167 206 180 207 192 216 209 
5279 H288 299 68 74 06 103 101 104 117 116 70 83 79 91 76 90 102 
5287 N120 121 0 '0 270 246 272 250 284 26 36 38 SO 62 80 85 b t  
S287N122 122 0 0 2 4 2 2 1 3 2 5 7  249 283 42 33 66 73 93 117 111 00 
S377 N 1 b 0 337 391 363 395 450 342 365 272 103 104 117 108 130 114 
5377 N 7 13 0 304 353 336 340 378 345 366 76 90 91 111 104 131 107 
S377 N 14 33 0 315 354 359 360 411 369 396 81 95 100 118 113 



T A B L E  40 R O U G H N E S S  E Q U A T I O N S  FOR T H E  S T A T E  HIGHWAY R O U T E S  W I T H  OVERLAY 

ROUTE HfLEPOST Co C l  Se Cons R2 
BE6 END 

S 8BE 1 3 113.00 2.00 17.17 0.09 
S400E274  275 169.30 11.90 1 6 . 8 7 0 . 6 2  
S 6 1  N372 381 110.93 4.26 9 . 4 0 0 . 4 7  
S 64 €271 276 150.57 6.26 12.55 0 .64  
S 71 N103 109 103.46 5.54 9.42 0.71 
S 77 N361 363 154.14 -0 ,54  6 .32  0 .04  
S 82 E 15 18 138.10 2.90 8.18 0.30 
5 85 N189 189 128.32 10.01 15.05 0 .76  
S 85 N190 190 134.89 12.52 11.25 0.90 
S 8 b E 1 6 7  169 69.00 1O.BO 1 0 . 2 8 0 . 7 9  
S 8 7 N 1 3 5  145 73.43 4.57 1 8 . 7 3 0 . 2 9  
S 87 N231 240 68.00 10.07 13.06 0.77 
S 87 N241 246 100.04 5.96 13.92 0 .56  
S 87 5172 132 I n s u f f i c e i n t  d a t a  
S 88 E l99  199 142.82 3.76 11.87 0.41 
S 9 0 E 3 2 2  324 72.50 -0.25 1 3 . 3 1 0 . 0 0  
S26O E378 395 77.46 7.70 13.58 0.69 
S260 W346 340 -47.29 39.29 86.47 0.39 
5 2 7 7 N 3 3 6  336 176.43 4.32 1 3 . 8 7 0 . 4 0  
S279 N288 289 69.14 3.82 7 .55  0..59 
S287 Mi20 121 19.86 7.89 9.94 0.82 
5287 N122 122 32.46 9 .87  19.27 0 .65  
5377 N 1 6 100.27 3.54 8.54 0.43 
5377 N 



T A B L E  41 C R A C K I N G  OF U.S. HIGHWAY ROUTES WITH OVERLAYS 

ROUTE HILEPOST CRhCKING 
BE6 END 79 80 81 82 83 84 85 86 

U b O E 1 5 2  IS? 0 0 0 0 0 0 0 0 
U 6 0 E 2 7 6  286 O l b  0 0 0 0 0 b 
U b O E 3 l O  315 3 2 0 0 0 0 0 0 
U b O E 3 1 6  331 0 0 0 0 0 0 1 1 
U ' 6 0 E 3 3 2  335 0 0 0 0 0 0 0 1 
U b O E 3 4 0  341 0 0 0 0 0 0 0 0 
U b O W 1 5 2  152 0 0 0 0 0 0 0 0 
U 7 0 E 2 8 8  292 0 0 0 0 0 0 0 0 
U 7 0 E 3 3 9  340 0 0 0 0 1 1 1 1 
U 8 9 N  70 70 0 0  0 0 O 0 0  0 
U 8 9 N  75 79 0 0 0 0 0 0 0 1 
U B 9 N  93 111 0 0 0 0 0 0 0 0 
U 8 P N 3 4 6  353 0 0 0 0 0 0 0 0 
U 8 9 N 5 2 5  525 0 0 1 1 2 1 2 2 
U 8 9 N S 2 b  526 0 0 0 0 0 0 0 1 
U 8 9 N 5 2 5  531 0 0 1 1 2  1 2  2 
U 8 9 S  70 70 0 0  0 0 0 0 0 0 
U 8 9 S  75 79 0 0  0 0 1 1  2 1 
U 89AN 580 593 0 0 0 0 0 0 2 1 
U 89AN 594 599 0 10 0 0 0 0 0 1 
U 8 9 A N b 0 0  613 O i l  0 0 0 0 1 1 
U 9 3 S 1 0 0  1 1 1 2 0  0 0 0 0 0 1 2 
UlbO E 373 382 0 0 0 0 1 1 1 3 
U163 N 395 395 0 7 0 0- 0 0 0 0 
U191N 44 51 0 1 2  4 4 1 1 1 
U191 N 104 108 0 6 13 14 11 ? 2 3 
UbbbE 30 38 0 0 0 0 0 0 0 1 
U b b b E 1 9 6  204 0 0 0 0 0 0 0 0 
U666 E 205 220 0 0 0 0 0 0 0 0 
U666W157  158 0 0 0 0 0 0 0 1 0  
U666 W 159 159 0 0 0 0 0 0 0 15 
UbbbW160  160 



TABLE 42 ROUGHNESS OF U . S .  HIGHWAY ROUTES WITH OVERLAYS 

ROUTE.HlLEPO9T ROUGHNESS 
BE6 END 72 73 74 75 76 77 78 79 80 81 02 83 84 05 86 

U 60 E 152 152 0 293 331 299 395 23 0 0 489 112 126 116 118 130 117 
U 60 E 276 286 129 150 137 134 157 139 176 175 194 96 95 116 107 128 103 
U 60 E 310 315 204 215 202 224 199 235 215 225 218 121 120 158 140 144 137 
U 60 E 316 331 213 229 192 183 190 229 204 208 57 82 82 101 109 115 101 
U 60 E 332 335 0 280 121 120 138 l b 8  149 143 80 104 107 126 128 138 132 
U b0 E 340 341 0 185 172 114 142 162 217 213 116 130 140 162 241 260 153 
U bO W 152 152 0 293 331 312 400 23 349 393 399 224 297 192 152 137 226 
U 70 E 288 292 152 118 100 99 130 152 141 163 41 58 67 80 85 124 96 
U 70 E 339 340 208 223 170 124 135 176 160 190 143 144 BO 104 109 142 137 
U 89 N 70 70 0 233 243 273 290 327 291 227 149 189 194 175 176 208 222 
U 0 9 #  75 79 122 131 155 158 159 175 1 9 0 2 2 0  73 9s 86 107 79 103 96 
U 89 N 93 111 125 161 147 148 150 164 I 6 8  65 64 71 05 107 100 119 99 
U 89 N 346 353 87 87 99 115 134 128 115 139 93 122 120 130 126 131 144 
U 09 N 525 525 85 95 96 107 116 107 122 128 101 83 82 103 100 115 148 
U 89 N 526 526 104 145 166 150 159 172 196 196 96 84 89 114 102 118 146 
u 89 n 52s 531 es 95 96 107 116 107 122 120 101 03 en i o a  l o o  11s 140 
U 89 S 70 70 0 233 243 273 290 327 0 0 109 139 145 149 168 149 179 
U 89 S 75 79 122 131 155 158 159 175 0 0 67 07 69 107 114 116 101 
11 89FIN 380 593 138 171 175 200 210 200 210 225 84 62 69 91 101. '102 132 
U 89AN 594 599 141 167 198 225 238 244 221 246 210 94 92 116 116 113 132 
U 89AN 600 613 142 171 168 204 224 206 194 213 195 69 60 85 87 90  146 
U 93 S 100 111 196 190 206 216 222 220 223 237 90 84 88 94 91 96 126 
UlbO E 373 382 156 153 169 156 173 190 192 201 86 77 83 104 99 114 122 
U163 N 395 395 212 246 222 221 239 153 249 259 259 105 117 123 127 121 153 
U191 N 44 51 0 186 203 193 214 221 232 242 89 109 87 115 125 130 126 
U191 N 104 108 0 207 195 187 204 218 221 136 128 136 121 163 169 168 166 
Ubb4 € 30 38 203 208 205 203 216 228 250 286 80 107 98 121 125 123 113 
Ubbb E 196 204 0 310 350 346 358 384 343 443 307 135 121 140 131 160 145 
U6b6 E 205 220 0 308 348 336 318 374 331 167 136 157 147 174 157 171 169 
U666 W 157 158 76 86 94 85 102 142 0 0 0 41 51 74 72 101 65 
Ubbb W 159 159 66 74 85 75 99 136 0 0 0 35 50 65 74 142 b3 
UbbbW 160 160 61 68 67 69 85 124 0 0 



TABLE 43 ROUGHNESS EQUATIONS FOR THE U . S .  HIGHWAY ROUTES WITH OVERLAYS 

ROUTE HILEPOST Co C l  Se Cons R2 
BE6 END 

ARTNODHP SUBPR115.93 1.11 7.20 0.09 
U 6 0  E 152 152 95.00 3.57 12.02 0.28 
U 60 E 276 286 117.93 4.40 6.79 0.65 
U 60 E 310 315 126.11 -4.27 47.12 0.05 
U 60 E 316 331 103.46 3.62 20.70 0.18 
U 60 E 532 335 143.21 7.70 53.78 0.13 
U bO E 340 341 C o n f l i c t i n g  d a t a  
U 60 W 152 152 87.68 0.57 41.81 0.00 
U 70 E 288 292 68.80 15.20 9.71 0.89 
U 70 E 339 340 181.68 2.40 27.52 0.05 
U 8 9 N  70 70 80.14 2.79 11 .970.23  
U 89 N 75 79 55.43 7.40 10.67 0.77 
U 89 N 93 111 112.39 2.94 14.78 0.22 
U 89 N 346 353 72.71 7.96 15.66 0.59 
U 89 N 525 525 74.00 8.25 12.52 0.71 
U 8 9 N 5 2 6  526 72.71 7.96 15 .680.59  
U R 9  N 5 2 5  531 47.04 18.38 36.57 0.64 
U 8 9 S  70 70 23.82 13.35 24 .430 .68  
!J 89 S 75 79 55.00 9.14 13.66 0.71 
U B 9 h N 5 8 0  593 85.20 7.23 7 .570 .80  
U 898N 594 599 41.80 13.63 17.74 0.72 
U 8 9 A N 6 0 0  613 76.29 4.82 10.21 0.56 
U 9 3 S  100 111 69.57 7.07 7 . 4 7 0 . 8 3  
UlbO E 373 382 98.73 7,31 9.13 0.74 
U163 N 395 395 84.29 6.82 10.55 0.70 
U191 N 44 51 118.86 6.56 12.90 0.64 
U191 N 104 108 87.00 5.64 11.70 0.57 
U b b 6 E  30 38 122.87 4.51 11.450.40 
Ubbb E 196 204 148.18 2.57 12.46 0.23 
Ubb6 E 205 220 40.53 7.66 16.08 0.47 
Ubbb W 157 158 29.00 12.14 32.81 0.37 
Ubbb W 159 159 I n s u f f i c e i n t  d a t a  

n DOF Se 



c o n s t r u c t  i o n .  The fol lowing d i scuss ion  of the  performance of over lays  

considers  only t h e  3 and 4 inch over lays  s i n c e  the?e pavements should be 

comparable t o  t h e  SAMI t reatment .  

I n t e r s t a t e s  With Overlays 

Four of t h e  i n t e r s t a t e  s e c t i o n s  have overlaye of 3 t o  4 inches: 

I8E, MP 136 

I1 OE, MP 277-281 

I17N, MP 263-269 

1175, MP 225-230 

None of these  s e c t i o n s  have deve loped  c r a c k i n g  ? i n c e  t h e  o v e r l a y  was 

p l a c e d .  The roughness  of the  s e c t i o n s  t h e  year before t h e  overlay was 

placed ranges from 84 t o  156. Immedia te ly  f o l l o w i n g  t h e  o v e r l a y  t h e  

r o u g h n e s s  ranges from 37 t o  87. The r a t e  of change i n  roughness ranged 

from 3.8 t o  20.4. The R 2  f o r  t h e  regress ion  equat ions  ranges from 0.27 

t o  0.93 with two s e c t i o n s  having an R 2  of more than 0.7. 

Comparison of t h e  o v e r l a y s  w i t h  SAMI s e c t i o n s  f o r  i n t e r s t a t e  

s e c t i o n s  shows both t reatments  have c o n t r o l l e d  cracking and t h e  average 

r a t e  of change i n  roughness is i n  t h e  same r a n g e  f o r  t h e  two t y p e s  of 

t rea tments .  

S t a t e  Highway Sect ions  with Overlays 

S i x  s t a t e  highway s e c t i o n a  have o v e r l a y s  i n  t h e  range of 3 t o  4 

inches: 

S64E, MP 271-276 

S85N. MP 183 

S85N. MP 190 

S279N. 



?377N, MP 1-6 

S377N, MP 1 4-33 

None ,f t h e s e  s e c t i o n 3  have developed s igni f icant  amount? of cracking 

s ince the overlay was placed. In  f a c t ,  only one of the overlays placed 

on S t a t e  Highways from 1979 t o  1982 has developed over  10 percent  

cracking, a l l  other section3 have l e s z  than 2 percent  c r ack ing .  The 

roughness  of the sect ions the year before the overlay was placed on the 

s i x  sec t ions  ranged from 1 1  6  t o  396 inches  per mi l e .  Following t h e  

o v e r l a y  t h e  range of roughness was 70 t o  147. The range i n  the r a t e  of 

change in  roughness f o r  the z t a t e  highway sec t ions  was 3.8 t o  12.5. The 

R Z  for  these equations ranged from 0.43 t o  0.90. 

Both t h e  SAM1 and ove r l ay  t r e a t m e n t s  have been s u c c e s s f u l  i n  

p reven t ing  c rack ing  on t h e  s e c t i o n s  s t u d i e d .  The r a t e  of change in  

roughnesz i z  i n  the same range f o r  the two treatments. 

U.S. Highway Sections with Overlays 

Five U.S. Highway routes  r e c e i v e d  3 t o  4 inch  t h i c k  o v e r l a y s  i n  

1979 t o  1982: 

U70E, MP 288-292 

U89N. MP 526 

U89AN, MP 594-599 

U89AN, MP 600-61 3  

U666E, MP 30-38 

A l l  of t h e s e  s e c t  i ons  have one percent cracking or  1es.s. I n  f a c t ,  the 

cracking l eve l  is 15 percent a t  two mi le  p o s t s  and 10 pe rcen t  a t  two 

m i l e s  popts  of t h e  U .S. Highway s e c t i o n s  w i t h  ove r l ays  from 1979 t o  

1982. A l l  o ther  sec t ions  had l e s s  



286 inchea per n i l e .  Following the  over lay  the  range wa? reduced t o  4 l  

t o  9 6  incheu  per  m i l e .  The r a t e  of change i n  roughneao f o r  t h e F e  

s e c t i o n s  was i n  t h e  range of 4.5 t o  15.2  inches per mi le  per year. 

C o m p a r i ~ o n  of t h e  o v e r l a y  and SAM1 t r e a t m e n t ?  on U.S. highway 

rou tes  ehow both t rea tment?  have s i m i l a r  performance w i t h  r e e p e c t  t o  

cracking and t h e  r a t e  of change i n  roughnezn. 

SUMMARY OF THE PERFORMANCE OF CONVENTIONAL TREATMENTS 

The d a t a  i n  t h e  pavement management sy3tem d a t a  baae were very 

use fu l  f o r  the  a n a l y s i s  of t h e  performance of s e a l  c o a t s  and o v e r l a y s .  

O v e r a l l  t h e  p e r f o r m a n c e  o f  t h e  a s p h a l t - r u b b e r  membranes and t h e  

conventional  t r ea tments  waa very comparable. A l l  of t h e  t r e a t m e n t s  a r e  

p e r f o r m i n g  w e l l  w i t h  reepec t  t o  both cracking and t h e  r a t e  of inc rease  

of r o u g h n e s s .  Noth ing  wae d i e c o v e r e d  i n  t h i s  a n a l y a i ~  t h a t  would  

i n d i c a t e  o n e  t y p e  o f  t r e a t m e n t  i s  p e r f o r m i n g  b e t t e r  t h a n  t h e  o t h e r  

treatment.?. However, t h e  a n a l y s i s  d i d  not consider t h e  cond i t ion  of t h e  

pavement a t  t h e  t ime  of t h e  t r ea tment .  M r .  Gene Morris  repor ted  t h a t  

the  SAM2 and SAM13 were only  p l a c e d  on a e v e r e l y  d i z t r e 2 o e d  pavement: 

where a c o n v e n t i o n a l  t r e a t m e n t  would f a i l .  If this i: the  c a s e ,  then 

one ehould conclude t h a t  each of the  t r e a t m e n t s  performed w e l l  w i t h i n  

i t 3  



CHAPTER V COST EFFECTIVENESS OF ASPHALT-RUBBER, 

SUMMARY, AND RECOMMENDATIONS 

A comprehensive l i f e - c y c l e  c o s t  a n a l y s i e  of a pavement des ign  

a l t e r n a t i v e  r e q u i r e s  an e x t e n s i v e  amount of information about cos t ,  

pavement performance and t r a f f i c  data .  I n  a r e s e a r c h  p r o j e c t  f o r  t h e  

Pennsylvania  Department of Transportation, Zaniewski e t  a l .  developed a 

project leve l  pavement r ehab i l i t a t i on  design system which opt i m i  zes  t he  

s e l e c t i o n  of r e s u r f a c i n g  3 t r a t e g i e s  based on minimizing the present 

worth c o z t a  of pavement r e e u r f a c i n g  s t r a t e g i e z  ( R e f .  2 3 ) .  The 

e v a l u a t i o n  methodology developed f o r  Pennaylvania incorporates model: 

for:  

1.  Predicting c r i t i c a l  pavement respon?e 

2. Predicting f a t igue  l i f e  

3 .  E~t ima t ing  the  years of service based on t r a f f i c  eatimates 

4. Dietress  prediction 

5. Costs Analysis 

a )  t r a f f i c  delay cost?  

b) overlay construction cos ts  

3i te-establishment 

surface-preparation 

overlay placement 

shoulder placement 

c )  maintenance cos ts  

d )  value of extended l i f e  

e )  



7. Optimization 

Thiz c;~npreht!n.sive model could not be used during t h i z  project becau?e 

~ 2 n e r a t i n g  the  r e q u i r e d  input  d a t a  r e q u i r e ?  more e f f o r t  t h a n  waz 

avai lable .  

Fort,lnately, :ornparl,:z the r s z c  ef fec'ivenc2s of apphalt-rubber t o  

conslent i o n a l  ma te r i a l ? .  doe? not r e q u i r e ?  auch a  comprehenr ive model. 

Economic a n a l y z e s  a r e  o n l y  s e n p i t i v e  t o  c o z t  and p e r f o r m a n c e  

d i f  f e r e n t i a l a .  As discussed i n  Chapter I ,  con,otruction of SAM and S A M I  

layer? usee conventional equipment and procedurea. Therefore, the major 

impact of t he  a spha l t - rubbe r  i?, t h e  coa t  of material:. Rather than 

examining a l l  of the components of the coet of SAMs and SAMI?, cost  data  

were obtained from CRAFTCO Inc. on the  turn  key construction coats.  To 

account f o r  the economies of s ca l e  coat data were obtained from projects  

of 2 and 10 miles. 

There a r e  several  economic a n a l y s i ~  methods ava i lab le  for balancing 

the stream of cos ts  aseociated w i t h  each a l te rna t ive .  For th iz  analysi? 

the present worth method i s  used: 

where: 

TPKx Total Present Worth of Coats f o r  a l t e rna t ive  x 

I C C x  = I n i t l a l  Construction Costs f o r  a l t e rna t ive  x 

PWft . i  
= present worth fac tor  a t  year t fo r  discount r a t e  i 

F C C t p x  - 



MO = Maintenance and Operation coot? i n  year t f o r  
t ,x 

a l t e rna t ive  x 

UCt .x = User Coots i n  year t f o r  a l t e rna t ive  x 

Svx = Salvage Value of a l t e r n a t i v e  x a t  the end of the  analysie 

period. 

The i n i t i a l  cons t ruc t ion  cost  data a r e  i n  Table 44 .  Economic analyse!? 

a r e  performed i n  conptant do l la r  term3 so the e f f ec t  of i n f l a t i o n  can be 

ignored .  The re fo re ,  the  va lues  i n  Table 4 4  can be used f o r  fu ture  

construction coat  estimates.  

The pavement management system data base contain? the  three  year 

average pavement maintenance cos ts  a t  each mile pos t .  The?e d a t a  were 

analyzed t o  determine i f  there waa a  cor re la t ion  between the maintenance 

cos ts  and other f ac to r s  such a s  t r a f f i c ,  roughnesp, c r a c k i n g ,  and year 

s i n c e  t h e  pavement received one of the four treatments analyzed in  t h i e  

r e p o r t .  No t r e n d s  were d i scove red  i n  t h e  a n a l y s i c  s o  t h e  a v e r a g e  

maintenance c o s t  was computed f o r  t h e  four  treatment types and three  

highway types. These average maintenance costs  a r e  given i n  Table  45. 

The average maintenance cos ts  per mile ranged from $534 per mile on the 

U.S. Highway sec t ions  with s e a l  cos ts  t o  $1839 per mi le  f o r  t h e  S t a t e  

highway r o u t e s  t h a t  have over laye .  I f  i n f l a t i on  is considered, these 

maintenance cos ts  a re  comparable t o  the  f igu re  reported by Va l l eg ra  e t .  

a 1  ( R e f .  1 8 )  i n  1 9 7 5  of $622 /mi l e /yea r  f o r  a  f l e x i b l e  pavement. 

However, the  Vallegra reference reported an annual maintenance c o s t  of 

$22/rnile on a  SAM1 sect ion.  The analysie  of the PMS database does not 

support a  large d i f f e r e n t i a l  in  the maintenance cos ts  on aaphal t -rubber  



TABLE 4 4  COST DATA FOR THE ECONOMIC ANALYSIS ( $ / S Y )  

TREATMENTS 2 M I L E  P R O J E C T  1 0  M I L E  P R O J E C T  

SAM 
SAMI 1 l' COVER 
SAMI 2" COVER 

S E A L  COAT 
OVERLAY 1 " 
OVERLAY 2" 
OVERLAY 4" 

TABLE 4 5  AVERAGE MAINTENANCE COSTS PER M I L E  

INTERSTATE S T A T E  HIGHWAYS U.S. HIGHWAYS 

SAM 1490 935 
SAM1 1 0 2 4  1 6 2 4  
S E A L  COAT 1 2 3 8  1 5 5 0  
OVERLAY 96 1 



versus conventional treatments. The values i n  Table 45 were used i n  the 

economic ana lys is .  

User c o s t s  can be computed f o r  each year of operation. However, 

the predominant i n f l u e n c e  of t h e  use r  c o s t s  is  du r ing  c o n a t r u c t i o n  

p r o j e c t s .  For t h i s  a n a l y s i s ,  use delay operating cos ts  were computed 

us ing  the  procedure developed by Zaniewski e t  a l .  f o r  t h e  F e d e r a l  

Highway Administration (Ref. 2 4 ) .  A speed change cycle of 55 t o  0  t o  55 

mph with an average delay of t h r e e  minutes  was aasumed. T r a f f i c  was 

assumed t o  be 95% medium s i z e  au tomobi les  and 5% 3 ax le  e ingle  uni t  

trucks. T ra f f i c  volumes of 1000 and !0,000 ADT were assumed. A de lay  

p e r i o d  of 2 days was assumed f o r  p r o j e c t  s e t  up and t e a r  down and 

production was assumed t o  be a  mile per day. (The 2 mile project  delays 

t r a f f i c  fo r  4 days and the 10 mile project  delays t r a f f i c  f o r  12  day?).  

The salvage value was aseumed t o  be 10% of the i n i t i a l  construction 

cos t .  

The r e e u l t s  of the economic a n a l y s i s  a r e  shown i n  Table  4 6 .  I n  

g e n e r a l ,  t h i s  a n a l y s i s  demonstrates t ha t  the  longer a  treatment l a s t c  

the more economical i t  is a s  i s  expected. Comparieon of the SAM wi th  a 

sea l  coat ind ica tes  t ha t  i f  the surface treatment l a s t s  f i v e  years,  then 

the SAM needs t o  l a s t  ten years i n  order  t o  o f f s e t  t h e  h i g h e r  i n i t i a l  

cost  of the SAM. A s imilar  conclusion i s  obtained comparing a  SAMI with 

a  2" Overlay. The comparison of t h e  SAMI w i t h  2 inches  cover  t o  a  4 

inch  ove r l ay  showed the  SAMI has a  lower l i f e  cycle cos t  f o r  the  2 mile 

project while t he  cos t s  were about equal f o r  the I 0  mi le  p r o j e c t .  The 

performance a n a l y s i s  performed during t h i s  research could not de tec t  a  

difference between the two treatment t ypes .  Hence, c o z t  
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PAVEMENT CONDITION SURVEY METHOD 

E v a l u a t i o n  o f  t h e  t e s t  s e c t i o n 3  f o r  r e s e a r c h  work  r e q u i r e s  a  

c a r e f u l l y  e . s t a b l i s h e d  a n d  t h o r o u g h 1  y p l a n n e d  p a v e m e n t  c o n d i t i o n  

e v a l u a t i o n  method.  T h e r e  a r e  s e v e r a l  pavement c o n d i t i o n  e u r v e y  methodz 

u s e d  by t h e  d i f f e r e n t  highway a g e n c i e s .  H o w e v e r ,  t h e  PAVER m e t h o d  is  

t h e  m o s t  w i d e l y  u s e d ,  and h a s  been be a d o p t e d  by t h e  t o n g  Term Pavement 

P e r f o r m a n c e  s t u d i e s  o f  t h e  S t r a t e g i c  H i g h w a y  R e s e a r c h  P r o g r a m .  

Theref o r e ,  t h e  PAVER pavement c o n d i  t l o n  s u r v e y  method s h o u l d  be a d o p t e d  

f o r  t h e  r e s e a r c h  o f  pavement per formance  by ADOT. 

Overview of PAVER Pavement C o n d i t i o n  S u r v e y  Method 

The PAVER !?ystem was d e v e l o p e d  by M .  Y .  S h a h i n  a n d  S. D .  Kohn o f  

t h e  C o n s t r u c t i o n  E n g i n e e r i n g  Research L a b o r a t o r y  o f  t h e  C o r p s  o f  

E n g i n e e r a .  The i n i t i a l  development  was f o r  t h e  e v a l u a t i o n  o f  a i r  f i e l d  

p a v e m e n t s .  S u b s e q u e n t l y ,  PAVER was a d o p t e d  f o r  t h e  e v a l u a t i o n  o f  road?. 

and p a r k i n g  l o t s  o n  m i l i t a r y  b a s e s  and f o r t s .  The American P u b l i c  Work3 

A s s o c i a t i o n  t h e n  s e l e c t e d  t h e  PAVER 3 y s t e m  f o r  u s e  by l o c a l  highway 

a g e n c i e s .  

T h e  PAVER s y s t e m  i n c l u d e s  s e v e r a l  c o m p u t e r  p r o g r a m s  f o r  t h e  

a n a l y s i s  of t h e  pavement c o n d i t i o n  d a t a  a n d  m a n i p u l a t i o n  o f  t h e  d a t a  

b a s e .  T h e r e  a r e  model8 f o r  t h e  d e t e r m i n a t i o n  o f  t h e  c o m p o s i t e  pavement 

c o n d i t i o n  s c o r e ,  c a l l e d  t h e  p a v e m e n t  c o n d i t i o n  i n d e x ,  PC1 , t h e  

d e t e r m i n a t i o n  o f  f u t u r e  pavement m a i n t e n a n c e  r e q u i r e m e n t s ,  b u d g e t s ,  etc. 

However, t h e  o n l y  p a r t  o f  t h e  PAVER s y s t e m  we a r e  concerned  w i t h  a t  t h i s  

time is  t h e  pavement c o n d i t i o n  s u r v e y  p r o c e d u r e  f o r  f l e x i b l e  pavements .  

T h e r e  i z  a  c o m p a r a b l e  p r o c e d u r e  f o r  t h e  e v a l u a t i o n  o f  r i g i d  p a v e m e n t s  

t h a t  c a n  be a d o p t e d  a t  a f u t u r e  time i f  n e c e z s a r y .  



Compared t o  o the r  pavement cond i t i on  survey  method?, t h e  PAVER 

method i s  extremely d e t a i l e d .  Some c o n d i t i o n  survey  methodz only  

recognize two d i s t r e s s  types and a r e  performed while t r a v e l i n g  a t  high 

apeeds ; whereas, the PAVER procedure defines 19 di.stress types,  each a t  

three l eve l s  of sever i ty ,  and t h e  extend of t h e  d i s t r e s s  i s  a c t u a l l y  

measured and recorded a s  l i nea r  or square f e e t .  

Sampling 

Due t o  t h e  d e t a i l e d  l e v e l  of d a t a  c o l l e c t i o n  f o r  the  condition 

survey, data  co l lec t ion  for  the  e n t i r e  pavement surface i z  i m p r a c t i c a l .  

The pavements which a re  going t o  be evaluated a r e  divided in to  sec t ions ,  

which a r e  homogeneous w i t h  r e s p e c t  t o  inventory  d a t a  such aa l a y e r  

thicknesses,  mater ials  and t r a f f i c .  For our purposes, the sec t ions  w i l l  

be the research-experimental projects ,  t h e  a spha l t - rubbe r  p r o j e c t s  or  

t h e  c o n t r o l  sections. Each s e c t i o n  is  eubdivided in to  sample uni ta ,  

which a r e  the smallest  component of the pavement network. The sample 

u n i t s  a r e  used f o r  i n s p e c t i o n  purposes t o  determine the d i s t r e s s  and 

condition of the s e c t i o n ? .  Sample u n i t s  f o r  f l e x i b l e  pavements can 

range i n  s i  ze from 1500 t o  3500 s f .  with a recommended average of 2500 

s f .  

The PAVER manual p r e s e n t s  a sampling procedure f o r  reducing the 

amount of surface a r e a  t h a t  needs t o  be surveyed.  The percent  of a  

pavement a e c t i a n  t h a t  needs t o  be surveyed depends on the use of the 

data .  The PAVER manual addre3ses 



r e q u i r e s  a  s a m p l i n g  r a t e  o f  15 t o  25 p e r c e n t .  F o r  p r o j e c t  l e v e l  

e v a l u a t i o n ,  t h e  r e q u i r e d  sampl ing  r a t e  is a f u n c t i o n  o f  t h e  number of  

s a m p l e  u n i t s  i n  t h e  s e c t i o n  a n d  t h e  v a r i a b i l i t y  o f  t h e  pavement  

c o n d i t i o n  index f o r  t h e  s e c t i o n .  F o r  e x a m p l e ,  i f  t h e  s e c t i o n  h a ?  20 

s a m p l e  u n i t s ,  t h e  expec t ed  range  i n  t h e  pavement c o n d i t i o n  index  i? 25, 

t h e n  9 sample u n i t s  s h o u l d  be surveyed  i n  o r d e r  t o  have t h e  recommended 

c o n f i d e n c e  l e v e l .  I f  t h e  g sample u n i t s  a r e  surveyed  and t h e  r a n g e  i n  

P C 1  was f o u n d  t o  be 4 0 ,  t h e n  t h e  number o f  eample  u n i t ! ?  s h o u l d  b e  

i n c r e a s e d  t o  1 3 .  The number of s a m p l e  u n i t s  r e q u i r e d  was c a l c u l a t e d  

b a s e d  o n  a  95 p e r c e n t  c o n f i d e n c e  t h a t  t h e  e r r o r  i n  t h e  p a v e m e n t  

c o n d i t i o n  i n d e x  i s  w i t h i n  +5 p o i n t s .  A c c o r d i n g  t o  t h e  PAVER 

documentat ion,  t h i s  c o n f i d e n c e  l e v e l  is a d e q u a t e  f o r  c o n t r a c t i n g  f o r  

m a i n t e n a n c e  z e r v i c e s  a n d  r e c o r d i n g  a l l  dietresaea/severity/density i e  

n o t  recommended. 

Data C o l l e c t i o n  and T r a i n i n g  

The c o n d i t i o n  aurvey  should  be p e r f o r m e d  by a  t w o - p e r s o n  c r e w ,  a 

t h i r d  p e r s o n  i s  recommended f o r  h i g h  t r a f f i c  volume s i t u a t i o n s .  One 

crew member measures and c a l l s  o u t  t h e  d i s t r e e a  and  t h e  o t h e r  member 

r e c o r d s  t h e  d a t a .  The r e c o r d e r  a n d  m e a s u r e r  t a s k  shou ld  be r o t a t e d  

eve ry  few hours .  Genera l -educa t ion  c o l l e g e  s t u d e n t s  a r e  u s u a l 1  y  good 

i n s p e c t o r s .  

T r a i n i n g  u s u a l l y  c o n s i s t s  o f  r e a d i n g  m a t e r i a l  i n  a d v a n c e  o f  

c1as:room 



performing the survey, f i l l i n g  out the aurvey form and a  d e f i n i t i o n  of 

the  pavement d i s t r e 3 s e s .  In  t h e  f i e l d ,  crew? a r e  r e q u i r e d  t o  r a t e  

pavement 3 e c t i o n ~  un t i l  the PC1 computed from the data  a r e  c o n ? i z t e n t l y  

within 2 5 point?.  

The inspection crew need!? t o  be equipped w i t h  a hand odometer f o r  

meaauring d i s t r e a s  l e n g t h s  and a  ten-foot s t r a i g h t  edge f o r  rneaouring 

d ie tor t ions  in  the pavement 3urface, such a s  r u t  dep th .  I n  a d d i t i o n ,  

t h e  d a t a  c o l l e c t o r e  need a  supply of form:, a c l i p  board,  pencil^, and 

the pavement condition r a t ing  manual. The crew should a l s o  be provided 

hard hate and safe ty  ves ts .  

The ac tua l  data co l lec t ion  requires  the survey crew t o  f i r s t  mark 

t h e  sample uni te ,  then meaaure and record each of the d is t ressee  on the 

data co l lec t ion  form, then t ranefer  the data  t o  the computer. The d a t a  

f o r  each sample u n i t  is recorded on a  separate  data  co l lec t ion  form a? 

shown on Figure 1.  

Distress  Definition? 

There a r e  19 d i s t r e s s  typee defined fo r  f l e x i b l e  pavements. Each 

of these a r e  rated according t o  sever i ty  and ex ten t .  The PAVER Pavement 

Condi t ion  I n d e x  F i e l d  Manual h a s  b o t h  v e r b a l  and  p h o t o g r a p h i c  

def in i t ions  of the d is t resses .  

A l l i g a t o r  Cracking -- - Repeated l o a d i n g  of t h e  pavement s u r f a c e  

causes  c r ack ing  t o  develop a t  t h e  bottom of t h e  a spha l t  concrete br 

s t ab i l i zed  base layer where the t e n a i l e  s t r a i n s  a r e  t h e  h i g h e s t .  The 

c r a c k s  propagate  t o  t h e  s u r f a c e  i n i t i a l l y  a s  a s e r i e s  of p a r a l l e l  

l o n g i t u d i n a l  c r a c k s .  Af te r  r e p e a t e d  t r a f f i c  l o a d i n g s ,  t h e  c r a c k s  

c o n n e c t ,  forming many-sided, sharp-angle  piece: 



resembles chicken wire or a l l i ga to r  skin.  The pieces a r e  generally l e s s  

than 2 f t .  on the longest s ide.  

B y  d e f i n i t i o n ,  a l l i g a t o r  c r acks  a r e  c a u s e d  by t r a f f i c ,  a n d ,  

t h e r e f o r e ,  o n l y  occur  i n  t h e  wheel pa ths  and not over t h e  e n t i r e  

pavement area.  (Pattern-type cracking which occurs over the e n t i r e  area 

t h a t  is not subjected t o  t r a f f i c  loading is defined a s  block cracking.) 

Alligator cracking i s  considered a  major s t ruc tu ra l  d i s t r e s s  and is 

u s u a l l y  accompanied by r u t t i n g .  When a l l i g a t o r  cracking and r u t t i n g  

occur i n  the same a rea ,  each is recorded s e p a r a t e l y  a t  i t s  r e a p e c t i v e  

sever i ty  l eve l .  

Low sever i ty  a l l i g a t o r  cracking i.q f  ine- longi  t u d i n a l  c r acks  t h a t  

a r e  para l le l  t o  each other  with few i f  any of the cracka connected. The 

material  along the s ides  of the cracks is  i n  tack ,  e .g .  t h e  c r acks  a r e  

not spa l led .  

Medium sever i ty  a l l i g a t o r  cracking show? a p a t t e r n  o r  network of 

cracks t h a t  may be s l i g h t l y  spal led.  

High sever i ty  a l l i g a t o r  cracks have we l l -de f ined  p iecee  t h a t  may 

rock under t r a f f i c .  The edges of the  cracks a r e  spal led.  

All igator  cracking is measured i n  square f e e t  of surface area.  The 

major d i f f i c u l t y  i n  measuring a l l i g a t o r  cracking i s  there a r e  usually 

two or t h ree  l e v e l s  of sever i ty  ex is t ing  within one d is t ressed  a rea .  I f  

t h e  a r e a s  w i t h  t h e  d i f f e r e n t  l e v e l s  of  s e v e r i t y  c a n  be e a s i l y  

dizt inguished,  then each should be measured and recorded  s e p a r a t e 1  y .  

However, i f  the areas of d i f fe ren t  l e v e l s  of d i s t r e s s  cannot be r ead i ly  

d i s t i n g u i ~ h e d ,  the e n t i r e  area is  ra ted  a t  the highest sever i ty  l eve l .  

Bleeding  - Excess asphal t  on the surface of the pavement is ca l led  

bleeding. I t  may be the  r e s u l t  of exceszive 



exceaa a p p l i c a t i o n  of a bituminous ? .ealant ,  and/or a low void con ten t .  

I t  occur? when aspha l t  f i l l ?  the v o i d m f  the  m i x  during hot weather and 

t h e n  e x p a n d a  o n t o  t h e  pavement s u r f a c e .  The r e s u l t  i z  a f i l m  of 

bituminoue m a t e r i a l  on t h e  pavement s u r f a c e  which c rea te :  a o h i n y ,  

glas?,-l ike su r face  t h a t  becornee s t i c k y  i n  hot weather. 

Low l e v e l  b l e e d i n g  i e  n o t i c e a b l e  o n l y  d u r i n g  a few days  of t h e  

y e a r .  The a e p h a l t  does  n o t  s t i c k  t o  ahoes  and vehic les  do not leave 

t r e a d  pa t t e rn3  i n  t h e  aapha l t .  For moderate  b l e e d i n g ,  t h e  s u r f a c e  of 

the  pavement w i l l  be s t i c k y  t o  shoes and vehic les  f o r  a few weeks during 

t h e  year.  Pavements w i t h  high s e v e r i t y  b l e e d i n g  w i l l  ahow t i r e  t r e a d  

marks severa l  weeks a year. 

Bleeding i e  measured i n  square f e e t  of s u r f a c e  a r e a .  A pavement 

cannot have both bleeding and polished aggregatez.  

Block C r a c k i n g  - S h r i n k a g e  of t h e  a a p h a l t  c o n c r e t e  a n d  d a i l y  -- 
t e m p e r a t u r e  c y c l e 2  may cauae  t h e  s u r f a c e  t o  c r a c k  i n t o  r e c t a n g u l a r  

pieces ranging i n  a i z e  from 1 by 1 f t .  t o  1 0  by 1 0  f t .  I t  g e n e r a l l y  

o c c u r s  over  a l a r g e  a r e a  of t h e  pavement, and sometimes the  kneading 

a c t i o n  of t r a f f i c  w i l l  cause the  block cracks  t o  h e a l .  Block c r a c k i n g  

genera l ly  ind ica te3  t h e  aspha l t  has  hardened s i g n i f i c a n t l y .  

The s e v e r i t y  of block cracking is r a t e d  accord ing  t o  t h e  s e v e r i t y  

o f  t h e  c r a c k s  and n o t  by t h e  s i z e  o f  t h e  blocks. Low s e v e r i t y  block 

c r a c k i n g  i ?  e i t h e r  u n f i l l e d  c r a c k s  s m a l l e r  t h a n  3/8 i n .  o r  

s a t i s f a c t o r i l y  f i l l e d  cracks.  Medium s e v e r i t y  block cracks a r e  e i t h e r  

n o n f i l l e d  c r a c k s  3/8  t o  3 i n .  wide o r  any c r a c k  w i t h  l i g h t  random 

cracking.  High s e v e r i t y  block cracks  a r e  any crack surrounded by medium 

t o  high s e v e r i t y  random 



t h e  c r a c k  is s e v e r e l y  broken o r  any u n f i l l e d  c r ack  t h a t  is  wider t h a n  3 

in .  

B l o c k  c r a c k i n g  i s  m e a s u r e d  i n  s q u a r e  f ee t  of  s u r f a c e  a r e a .  

Usua l ly ,  b lock  c r a c k i n g  o n l y  has  one s e v e r i t y  l e v e l  i n  a n y  d i 3 t r e s s e d  

a r e a ;  however,  i f  t h e r e  a r e  two a r e a s  of t h e  sample u n i t  w i th  d i f f e r e n t  

s e v e r i t y  l e v e l s ,  e ach  a r e a  is measured and r eco rded  s e p a r a t e 1  y. 

Bumps and Sags  - Bumps a r e  s m a l l ,  l o c a l i z e d  upward d i sp l acemen t s  of  

t h e  pavement s u r f a c e .  They can be caused by s e v e r a l  f a c t o r s :  

1 .  B u c k l i n g  o r  b u l g i n g  o f  an unde r ly ing  p o r t l a n d  cement c o n c r e t e  

s u r f a c e  t h a t  h a s  been o v e r l a i d  w i th  a s p h a l t  c o n c r e t e .  

2. F r o s t  heave 

3. I n f i l t r a t i o n  and bu i ldup  of m a t e r i a l  i n  a  c r a c k  i n  c o m b i n a t i o n  

w i t h  t r a f f i c  l o a d i n g ,  sometimes c a l l e d  t e n t i n g .  

Saga  a r e  s m a l l ,  a b r u p t  downward d i s p l a c e m e n t 3  o f  t h e  pavement  

s u r f  a c e .  D i e t o r t i o n s  and d i sp l acemen t s  which occu r  ove r  l a r g e  a r e a s  of 

t h e  ?avement s u r f a c e ,  c a u s i n g  l a r g e  and/or  l o n g  d i p 3  i n  t h e  pavement a r e  

s w e l l s .  I f  t h e  bumps appear  i n  a  p a t t e r n  p e r p e n d i c u l a r  t o  t r a f f i c  f low 

and a r e  spaced  less than  10 f t . ,  t h e  d i s t r e s s  i e  c a l l e d  c o r r u g a t i o n s .  

The s e v e r i t y  of  bumps and s a g s  a r e  r a t e d  a c c o r d i n g  t o  t h e  a f f e c t  on 

r i d e  q u a l i t y .  S l i g h t  bumps a n d  sags c a u s e  t h e  v e h i c l e  t o  b o u n c e  

s l i g h t l y ,  b u t  c r e a t e  l i t t l e  d i s c o m f o r t .  For medium s e v e r i t y ,  v e h i c l e  

v i b r a t i o n 9  a r e  s i g n i f i c a n t  and t h e  v e h i c l e  w i l l  bounce  s i g n i f i c a n t l y ,  

c r e a t i n g  some d i s c o m f o r t .  H igh  s e v e r i t y  bumps a n d  s a g s  c a u s e  t h e  

v e h i c l e  t o  bounce e x c e s s i v e 1  y ,  c r e a t i n g  s u b s t a n t i a l  d i e c o m f o r t  a n d  a 

s a f e t y  hazard .  

Bump? and s a g s  are measured i n  1 i n e a r  



Corrugation3 - Tra f f i c  ac t ion  on an un?,table pavement s u r f  ace can 

cause a  s e r i e s  of clozely ?paced ridges a t  f a i r l y  regular i n t e rva l s  l e z s  

than 10 f t .  a r e  cal led corrugations. The r i d g e s  a r e  pe rpend icu la r  t o  

the t r a f f i c  flow. 

The a e v e r i t y  of t h e  c o r r u g a t i o n ?  a r e  r a t e d  acco rd ing  t o  t h e i r  

impact on r i d e  quality.  The c r i t e r i a  fo r  low, medium and high sever i ty  

a r e  the same aa f o r  bumps and sags. The e x t e n t  is measured i n  squa re  

f e e t  of the surface area. 

Depression3 - Local ized  pavement s u r f  ace  a r e a s  w i t h  e l e v a t  iona 

s l i g h t l y  lower than t h e  sur rounding  pavement a re  ca l led  depresaions. 

They a r e  most n o t i c e a b l e  a f t e r  a  r a i n  when they  appear  a s  b i r d b a t h  

a r e a s .  They a r e  caused by e i t h e r  ~ubs idence  of the foundation $ o i l  or 

improper construction. They can cause some roughnesa and when f i l l e d  

w i t h  w a t e r ,  t h e y  may promote  h y d r o p l a n i n g .  D e p r e s s i o n 3  a r e  

d i s t i ngu i shed  from sags  by t h e  g e n t l e  r a t h e r  t han  abrupt  change i n  

elevation. 

The s e v e r i t y  of dep res s ion8  i s  r a t e d  by depth .  Low s e v e r i t y  

d e p r e s s i o n s  a r e  one-half  t o  one i n .  Medium s e v e r i t y  a r e  one t o  two 

inches and high sever i ty  a r e  more than two in .  

The extent of a  depression I s  measured in  square f e e t .  

Edge Cracking - Cracks w i t h i n  one t o  two f e e t  of t h e  pavement 's 

edge and p a r a l l e l  with the edge a re  ca l led  edge cracking. They a r e  t he  

r e s u l t  of t r a f f i c  loadlngs near the pavement edge, par t icu lar1  y when the  

s u p p o r t  of t h e  subgrade and base is  reduced e i t h e r  through a high 

moiftture conten: or by f r o s t  act ion.  If the area between t h e  pavement 

edge and the crack I2 



The sever i ty  of edge cracking is defined according t o  the s e v e r i  t y  

of t he  c r acks  and whether o r  not  t h e  a r e a  between the cracks and the 

pavement edge is  raveled or  broken up. Low aeveri t y  edge c rack ing  has 

low o r  medium s e v e r i t y  c r ack ing  and no ravel ing or breaking up of the 

a r ea  between t h e  cracka and t h e  pavement edge. Medium c racka  a r e  

u n f i l l e d  c racks  up t o  three  inches wide or any f i l l e d  crack, i n  e i t he r  

case, there  can only be s l i g h t  random cracking around t h e  main c racks .  

Medium 3eve r i  t y  edge c rack ing  has medium sever i ty  cracking w i t h  some 

breaking up o r  raveling. High .severity edge c racks  have con3 ide rab le  

breakup o r  ravel ing along the  pavement edge. 

The extent  of edge cracking is meaaured i n  l i nea r  f e e t .  

Jo in t  Reflection Cracking - By de f in i t i on ,  r e f l ec t ion  cracking only 

occurs  on a s p h a l t  c o n c r e t e  ove r l ays  of p o r t l a n d  cement  c o n c r e t e  

pavement:. Therefore ,  one muat know the o r ig ina l  pavement i z  concrete 

before r e f l ec t ion  cracka can be iden t i f i ed .  Knowing t h e  dimensions of 

the o r ig ina l  s l ab  a s s i s t  i n  ident i f ica t ion  of t h i s  d i s t r e s s .  

The sever i ty  l eve l s  a r e  the same a s  de f ined  f o r  l o n g i t u d i n a l  and 

t r a n 3 v e r s e  c r ack ing .  The extent  of r e f l ec t ion  cracking is measured i n  

l i n e a r  f e e t .  The s e v e r i t y  and e x t e n t  of each i n d i v i d u a l  c r a c k  is  

recorded separately.  

Lane/Shoulder 



s e v e r i t y  i ?  two t o  four  i n c h e ~  and 'i igh Feverity drop-off i: anything 

more than four inchea. The extent i ?  meaeured in l inear  f e e t .  

L o n g i t u d i n a l  and Tran?ve r?e  Cracking - Longi tudina l  c r ack? ,  -___---_-- -------------------- 
pa ra l l e l  to  the pavement e center1 ine may be caused by: 

1 . A poorly constructed pavement lane j o i n t .  

2.  Shrinkage of the asphalt  concrete  due t o  low tempera ture?  or  

hardening of the asphalt  and/or da i ly  temperature cycling. 

3. A r e f l e c t i v e  crack caused by c r ack ing  beneath t h e  s u r f a c e  

course, including cracks i n  PCC elabs b u t  not j o in t s .  

Tranaverse cracks extend across  the pavement a t  approximately r igh t  

angles t o  the center l ine .  They may be caused by e i the r  condition 2 or 3 

above. In  g e n e r a l ,  l o n g i t u d i n a l  and t r a n s v e r s e  c r a c k s  c a u s e d  b y  

environmental conditions rather  than t r a f f i c  loading. 

The sever i ty  l eve l s  for  tranaverse and longi tudinal  cracking are: 

Low sever i ty  - Nonf i l l e d  c racks  l e s s  than 3/8  i n .  wide or any 

f i l l e d  c rack  wi th  t h e  f i l l e r  i n  s a t i e f a c t o r y  

condition. 

Medium sever i ty  - Light random c rack ing  a long  t h e  s i d e s  of any  

n o n f i l l e d  c rack  u p  t o  t h r e e  inchez wide or any 

f i l l e d  c rack .  Any n o n f i l l e d  c r a c k  3 / 8  t o  3 

inches wide . 
High sever i ty  - Any nonf i l l e d  crack over three inches wide. Any 

crack  wi th  medium o r  s eve re  random cracking or 

where the pavement around t h e  c rack  is s e v e r e l y  

broken. 

The extent  of t h e  c racking  is measured i n  l i n e a r  f e e t .  Cracka 

d i ~ p l a y i  ng m u l t i p l e  e e v e r i  t y  l e v e l s  a r e  recorded az zeparate cracka. 



Bumps or  sags occu r r ing  a t  t he  c r acks  a r e  a l s o  recorded  a s  s e p a r a t e  

d is t resses .  

Pa t ch ing  and U t i l i t y  C u t  Pa t ch ing  - A patch  i s  an a r e a  of t he  --- --- 
pavement t h a t  has been r ep laced  with a  new mater ial .  A l l  patchea a r e  

t rea ted  a s  d i s t r e s se s  regardless  of how wel l  t h e  pa tch  i s  performing.  

The s e v e r i t y  of t he  patch i s  r a t e d  according t o  r i d e  qual i ty  and the 

c o n d i t i o n  of t h e  pa t ch .  D i s t r e s s e a  i n  a  p a t c h  a r e  -- n o t  r e c o r d e d  

s e p a r a t e l y ,  e  . g . ,  i f  t he  patch i s  badl y cracked, i t  is recorded a s  a  

high sever i ty  leve l  patch but no record is made of the cracking. 

Low sever i ty  patches a r e  i n  good condition and have l i t t l e ,  i f  any, 

e f f e c t  on t h e  r i d e .  Medium a e v e r i t y  pa tches  a r e  showing m o d e r a t e  

d e t e r i o r a t i o n  and cause  a  v e h i c l e  t o  bounce s l i g h t l y  c r e a t i n g  some 

discomfort. High seve r i ty  patches a r e  badl  y d e t e r i o r a t e d  and/or  r i d e  

qual . i ty  i s  s e r i o u s 1  



The Z e v e r i t y  of p o l i ? h i n g  i i s  no t  r a t e d .  The e x t e n t  of t h e  p o l i ~ h e d  

a r e a  i a  measu red  i n  z q u a r e  f e e t .  I f  b l e e d i n g  i s  obse rved ,  p o l i z h i n g  

3hould no t  be counted .  

Po tho le !?  - P o t h o l e a  a r e  bowl-nhaped  d e p r e s ~ i o n ?  i n  t h e  pavement 

s u r f a c e  l e e :  t h a n  t h r e e  f e e t  i n  d i a m e t e r .  They a r e  a  s t r u c t u r a l l y  

r e l a t e d  d i s t r e ~ o  p r o d u c e d  when t r a f f i c  a b r a d e s  s m a l l  p i e c e s  of t h e  

pavement s u r f a c e .  The d i s i n t e g r a t i o n  c o n t i n u e 2 d u e  t o  poor mix  d e o i g n ,  

w e a k  s p o t :  i n  t h e  b a s e  o r  z u b g r a d e ,  o r  b e c a m e  o f  h i g h  . s e v e r i t y  

a l l i g a t o r  c r a c k i n g .  Holes caused by h i g h  s e v e r i t y  a l l i g a t o r  c r a c k i n g  

shou ld  be r a t e d  a s  po tho le s  r a t h e r  t h a n  weather ing .  

The s e v e r i t y  of  po tho le s  les? t h a n  30 inches  i n  d iameter  a r e  r a t e d  

based on dep th  and d i ame te r .  

dep th  

1 / 2  t o  1 
1 t o  2 

> 2 

d iameter  
4 t o 8  8 t o 1 8  1 8 t o 3 0  

low low medium 
1 ow medi um h igh  

medi urn medium h i  gh 

I f  t h e  d i a m e t e r  of t h e  po tho le  is g r e a t e r  t h a n  30 i n c h e s ,  t h e  a r e a  

is  compu ted  a n d  d i v i d e d  by f i v e  t o  f i n d  t h e  e q u i v a l e n t  n u m b e r  o f  

p o t h o l e 3 .  The s e v e r i t y  of  t h e s e  po tho le s  is medium o r  s e v e r e  depending 

on  whether  t h e  dep th  is g r e a t e r  o r  l e s s  t h a n  one inch .  

The e x t e n t  of po tho le s  i~ measured by coun t ing  t h e  number t h a t  a r e  

i n  each  of  t h e  s e v e r i t y  c a t e g o r i e s .  

R a i l r o a d  C r o z s i n g s  - I n  t h e  PAVER ~ y s t e m ,  all r a i l r o a d  c r o s s i n g e  

t h a t  a f f e c t  r i d e  q u a l i t y  a r e  r a t e d  a e  d i s t r e s s e s .  The s e v e r i t y  i s  



R u t t i n g  - R u t s  a r e  l o n g i t u d i n a l  d e p r e s s i o n 3  i n  t h e  pavement  ----- 
s u r f a c e .  They a r e  t h e  r e s u l t  of permanent d e f o r m a t i o n  o f  t h e  pavement  

l a y e r s ,  e i t h e r  th rough consolidation o r  l a t e r a l  movement of t h e  m a t e r i a l  

due t o  t r a f f i c  l o a d i n g .  S i g n i f i c a n t  r u t t i n g  c a n  l e a d  t o  m a j o r  

s t r u c t u r a l  f a i l u r e .  

The s e v e r i t y  of r u t t i n g  is e s t a b l i s h e d  by t h e  mean r u t  d e p t h .  Low 

s e v e r i t y  r u t t i n g  i e  1 / 4  t o  1 / 2  inch .  Medium r u t t i n g  is 1 /2  t o  1  i nch  

and h igh  s e v e r i t y  r u t t i n g  is  more t han  1 i nch .  Rut dep th  i~ meaoured by 

l a y i n g  a  s t r a i g h t  edge ac ro3s  t h e  r u t  and measur ing  t h e  dep th .  The mean 

is computed from measurementa t aken  a long  t h e  l e n g t h  of t h e  r u t .  

The e x t e n t  of r u t t i n g  is measured i n  s q u a r e  f e e t .  

S h o v i n g  - S h o v i n g  i s  p e r m a n e n t  l o n g i t u d i n a l  d i s p l a c e m e n t  of  a  

l o c a l i z e d  a r e a  c a u s e d  by t r a f f i c  l o a d i n g .  The t r a f f i c  l o a d s  c a u s e  

s h o r t ,  a b r u p t  waves i n  t h e  pavement s u r f a c e .  N o r m a l l y ,  t h i s  d i a t r e a s  

o n l y  occu r s  i n  an un.stable l i q u i d  a s p h a l t  mix pavement. 

The s e v e r i t y  of  shov ing  is  r a t e d  b a s e d  o n  t h e  i n f l u e n c e  o n  r i d e  

q u a l i t y .  Low s e v e r i t y  s h o v i n g  c a u s e s  some v i b r a t i o n s  i n  t h e  v e h i c l e ,  

bu t  c r e a t e s  l i t t l e  d i s c o m f o r t .  Medium s h o v i n g  c a u a e s  t h e  v e h i c l e  t o  

bounce  s i g n i f i c a n t l y ,  c r e a t i n g  some d i scomfor t .  High s e v e r i t y  shov ing  

r e q u i r e s  a  r e d u c t i o n  l n  speed  f o r  s a f e t y  a n d  c o m f o r t ,  a n d  t h e r e  i.s 



The sever i ty  of slippage cracks a r e  rated by the width of the crack 

and the condition of the pavement i n  the immediate a r e a .  Low s e v e r i t y  

c r a c k s  a r e  l e s s  than  3 /8  inches  wide. Medium severi ty  is defined a s  

e i t h e r  the  cracks a r e  3 /8  t o  1 .5  i nches  wide o r  t h e  a r e a  around the  

c rack  i s  broken i n t o  t i g h t  f i t t i n g  p i eces .  High sever i ty  cracka a re  

wider than 1.5  inches or the area around the crack i s  broken in to  e a ~ i l y  

removable pieces. The e n t i r e  slippage cracking area is rated according 

t o  the h i g h e s t  s e v e r i t y  l e v e l .  The e x t e n t  of s l i p p a g e  c rack ing  i s  

measured i n  square f ee t .  

Swell - Swells a r e  l ong  gradual  waves more than  t e n  f e e t  long .  

They a r e  cauaed b y  f r o s t  a c t i o n  o r  s w e l l i n g  s o i l s .  Swel l s  may be 

accompanied by cracking. 

The s e v e r i t y  of s w e l l i n g  is  r a t e d  based on r i d e  q u a l i t y .  The 

Sca le3  have been p r e v i o u s l y  de f ined .  The e x t e n t  of t h e  s w e l l  i s  

measured i n  square f e e t .  

Weathering and Raveling - Weathering and r a v e l i n g  occur  when t h e  

asphal t  binder has hardened appreciably o r  the surface is a  poor qua l i ty  

mix tha t  allows the aggregates t o  dislodge from the surface. O i l  s p l l l z  

can sof ten  t h e  surface leading t o  ravel ing.  

The sever i ty  is rated based on the condition of t h e  s u r f a c e .  Low 

sever i ty  ravel ing and weathering has areas  where the surface haa s t a r t e d  

t o  wear away and, i n  some cases ,  s t a r t e d  t o  p i t .  Moderate s e v e r i t y  haz 

more of the aggregate and/or binder worn away and the surface tex ture  is 

moderately rough and p i t ted .  High seve r i ty  weathering and r a v e l i n g  has 

a  considerable amount of t h e  ~ u r f a c e  worn away and the tex ture  of the 

surface is 



1 / 2  i n c h  d e e p  o r  more  t h a n  4 i n c h e e  i n  d i a m e t e r ,  a n d  a re  c o u n t e d  a3 
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